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THE PSYCHOLOGICAL REVIEW 


SIMILARITIES BETWEEN HEARING AND SKIN 
SENSATIONS ' 


GEORG v. BÉKÉSY 
Harvard University 


For many years there has been a 
large literature concerned with problems 


in hearing. Anatomy, psychology, 
physiology, otology, and recently 
audiometry and communication en- 


gineering: all these fields have con- 
tributed to the investigation of hearing. 
It is not so with the psychology and 
physiology of the skin. Most text- 
books have but few pages devoted to the 
skin. 

One of the reasons for this may be 
that the too precise description of the 
skin sensations by the Greek and 
Roman authors seemed improper to 
the Mohammedan scribes, who with 
endless zeal copied the earlier manu- 
scripts. The scribes therefore simply 
left out the parts dealing with the 
skin. When in medieval times monks 
took over the job of copying manu- 
scripts in the cloisters, it is even more 
understandable that the skin was not 
even mentioned as a sense organ. To 
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meeting of the Eastern Psychological As- 
sociation on April 11, 1958. This research 
was carried out under Contract Nonr- 
1866(15) between Harvard University and 
the Office of Naval Research, Project 
Nr142-201, Report PNR-218. Reproduction 
for any purpose of the U. S. Government 
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a certain degree this attitude held on 
until late in the eighteenth century, 

Another reason why little progress 
has been made in the investigation of 
the skin is the fact that the skin is one 
of the most complicated of the sense 
organs. It is sensitive to continuous 
pressure, to vibrations, to electrical 
stimuli, to heat, cold, and chemical 
stimuli. Several receptors are closely 
imbedded in the skin. But at the 
same time, in spite of its high sensi- 
tivity, the skin withstands rough treat- 
ment surprisingly well. In contrast to 
this, the ear in man is located in one 
of the hardest bones, the petrous bone. 
But the ear still seems to me to be 
easier to investigate, since the various 
nerve endings along the basilar mem- 
brane are well differentiated, as is 
the whole anatomical outline. 

There are experiments, however, that 
cannot be performed on the inner 
ear, and for the solution of some 
problems the similarity between hearing 
and the skin sensatio: can be of real 
value. The purpose of this paper is 
primarily to point out some of the 
similarities between these two sense 
organs, and at the same time to indicate 
the borderline up to which these 
similarities hold. The many similarities 
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that exist between the senses of hearing 
and vision have led to the hope that in 
time there may evolve a unified con- 
cept of these apparently so different 
sense organs. 

The recent literature on hearing is 
readily available. For one of the best 
summaries of the sense of vibrations, 
I should like to point out the mono- 
graph of W. D. Keidel (1956). My 
interest in skin sensations started about 
30 years ago (v. Békésy, 1930a), at 
which time I was concerned about the 
general validity of Fechner’s law. In 
order to test it, I was looking for a 
sensation whose magnitude could be 
indicated or described. One sensation 
that met this criterion was directional 
hearing, in which the observer can 
simply point to the sound source. We 
carried out an experiment in which 
an earphone presented a click to each 
ear. The stimulus was the time 
difference between the two clicks. As 
the time difference was increased from 
zero, the sound image traveled from 
the middle line of the head to one 
side, and it was easy for the observer 
to point to the direction from which 
the sound seemed to come. The angle 
between the middle line and the 
direction indicated was taken as the 
measure of the sensation magnitude. 
As the loudness of the clicks is in- 
creased, the source seems to come 
closer and closer to the head, so that 
at a certain loudness level the clicks 
seem to hammer right against the skin 
of the forehead and to move across the 
forehead in accordance with the time 
difference. The movement of the 
sound image around the head is shown 
in Fig. 1, for two different observers, 


The observer could point with the tip 


of a pencil at the place on the skin 
where the sharp clicks were observed. 
To make the pointing easier, the device 
shown in Fig. 2 was used. It consisted 
of a protractor fixed on the headset 


T 
i 
1 
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Fic. 1. Each ear is presented with a 
click through an earphone. By changing the 
time delay between the two clicks, the 
sound image of the fused click can be made 
to travel around the head. At a particular 
loudness, the sound image seems to move 
along the surface of the skin of the forehead. 


of the earphones. Around the axis of 
the protractor, a tube could be rotated 
which had an opening on the side 
opposite the forehead. The tube was 
closed on the lower side, but sharp 
air pulses were transmitted to the upper 
side. These pulses were produced by 
the discharges of a condenser through 
an electrodynamic loudspeaker system. 
The magnitude of the discharges and 
their time pattern were modified so 
that the skin sensation matched as 
closely as possible the sensations pro- 
duced by the acoustic clicks. The 
surprising feature of this experiment 
was that it was possible to make the 
match so good that the observer could 
hardly discriminate between the air 
puffs on the skin and the clicks in the 
earphone when both seemed to come 
from the same direction. This cer- 
tainly suggests that under some con- 
ditions the sensations produced on the 
skin and the sensations of hearing can 
be very similar. 

Of course, there are differences in 
the physical aspects of these stimuli, 
and besides this there are neurological 
differences in the sense organs. We 
should not forget that there are at 
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least six different ways in which hear- 
ing can occur: air-borne sound, me- 
chanical vibrations touching the skull 
(bone conduction), electrical stimula- 
tion of the ear, electrical stimulation of 
the acoustic nerve, electrical stimulation 
of the cortex, and hearing without any 
stimulation (tinnitus). 

In addition to the six or more ways 
in which the ear can be stimulated, 
we have to take into consideration that 
every type of stimulus produces a 


Fic. 2. As the correct position of the 
sound image on the forehead was localized, 
an air puff was blown against the surface of 
the skin from a small opening in a vertical 


tube. The tube was moved around the head 
in such way that it coincided with the 
place where the sound image of the acoustic 
click was localized. The time pattern of the 
air puffs could be so adjusted that most 
observers could hardly separate them from 
the clicks, which demonstrates that sensa- 
tions produced on the skin are, under some 
circumstances, very similar to the sensations 
produced by hearing. 


sensation with at least eight different 


qualities: pitch, loudness, volume, 
roughness (modulation, tremolo), di- 
rection, distance, on-and-off effects 


(important for the discrimination of 
speech and music), and rhythm. All 
these qualities in hearing have their 
counterparts in the skin sensations. 
The next sections will deal first with 
the analogues and differences for the 
physical stimuli, and then with the 
neurological effects. 


THE PATTERN OF THE STIMULUS 
ALONG THE BASILAR MEMBRANE 
AND ALONG THE SURFACE OF 
THE SKIN 


There have been many theories about 
the vibration pattern of the basilar 
membrane when it is stimulated by a 
pure tone. The theory of traveling 
waves along the membrane met a good 
deal of opposition because it seemed 
impossible that a traveling wave mov- 
ing along a large section of the basilar 
membrane could produce a sensation 
that was concentrated on only a very 
small section of it, an assumption that 
is necessary to explain the frequency 
analysis in the cochlea. On the other 
hand, it seems obvious that a vibrating 
needle touching the surface of the skin 
will produce a deformation only in the 
immediate vicinity of the needle. This 
has been assumed to be the reason the 
vibrations of the needle are felt only 
immediately under the tip of the needle. 
However, a simple stroboscopic obser- 
vation of the skin surface under a 
vibrating needle (Fig. 3) shows travel- 
ing waves spreading out from the 
needle point in every direction and 
forming more or less concentric rings 
(Keidel, 1956). These waves have 
little damping, and their wave length 
decreases with the increasing frequency 
of the vibrator. If the middle of the 
arm is touched with a vibrator tip 
5 mm. in diameter at frequencies below 
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Fic. 3. Traveling waves on the skin 
observed stroboscopically for different fre- 
quencies produced by a vibrator touching 
the surface of the skin. 


50 cps and at proper amplitude, the 
traveling waves may go around the 
whole arm, and in spite of this the 
vibration is felt only immediately under 
the tip. A person standing on a 
platform that is vibrating at 50 cps 
may feel the vibrations penetrate about 
1 cm. deep into his feet and have no 
awareness of the traveling waves on 
the surface of the skin along his leg, 
which can be seen under stroboscopic 
illumination (v. Békésy : 1939a, 1939b, 
1940). Thus it is clear that a large 
area under vibration can produce a 
sensation that is limited to a very small 
spot. 

The ear too has traveling waves. 
Figure 4 shows a schematic drawing 
of the ear. , The sound waves hit the 
eardrum on the left side and set it 
into vibration. These vibrations are 
transmitted to the ossicles and the 
stapes. The stapes footplate produces 
fluid displacements in the scala vestibuli 
- of the inner ear, and these fluid 
displacements set the basilar membrane 
into vibration. The actual vibration 
patterns on the basilar membrane have 
been measured on the ear of a live 
guinea pig and in a preparation of 
human temporal bone during stimula- 
tion with a pure tone. The vibration 
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Fic. 4. Schematic cross-section of the 
ear, showing the basilar membrane in the 
inner ear. Movements of the eardrum pro- 
duce traveling waves on the basilar mem- 
brane similar to those on the skin. 


patterns obtained are shown in Fig. 5 
(v. “Békésy, 1947a). The curves 
represent traveling waves spreading 
from the stapes footplate along the 
basilar membrane. The traveling waves 
show maximum vibration amplitude 
at a certain place, and they have a high 
speed near the stapes and then slow 
down. The place of maximal vibration 
amplitude changes with the frequency 
of the vibrations. It is close to the 
stapes for high frequencies and farther 
away (to the right in Fig. 5) for the 
lower frequencies. The ears of all 
mammals show the same type of travel- 
ing waves. Even the ear of the frog, 
which is constructed differently, has 
been shown by W. A. van Bergeijk 
(1957) to have traveling waves 
present, as indicated in Fig. 6. 


20 2 24 26 28 30 32 
Distance from stapes in millimeters 


Fic. 5. Traveling wave on the basilar 
membrane for a tone of 200 cps observed 
stroboscopically on a preparation of human 
temporal bone for two moments in time 
separated by a quarter period. 
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Fic. 6. Inner ear of the frog, showing a 
membrane with a central mass. From both 
ends of the U-shaped membrane traveling 
waves move toward the middle, just as in 
the inner ears of mammals (after W. A. 
van Bergeijk). 


Here, then, is an instance of similarity 
between vibration patterns on the skin 
and on the basilar membrane, for they 
both show traveling waves. As a 
matter of fact, any living tissue or 
material of the same consistency shows 
traveling waves if its surface is touched 
by a vibrating body. But there are 
differences between the traveling waves 
on the skin and those on the basilar 
membrane. On the skin, as is obvious 
from Fig. 3, the maximum of the 
vibration amplitudes is always directly 
under the tip of the vibrator, and this 
is the reason why the sensation is 
localized mainly under the vibrator. 
On the basilar membrane, however, the 
maximum vibration amplitude changes 
its place along the membrane with 
frequency, the high frequencies being 
localized near the stapes and the low 
frequencies at the other end. By this 
means, a kind of rough mechanical 
frequency analysis is performed along 
the basilar membrane. 

Since in both the auditory and the 
tactile senses the physical stimulus 
sets up systems of traveling waves, 
we may assume that these mechanical 
patterns are integrated in the nervous 


system of the ear and the skin in 
similar ways. 


NEUROLOGICAL SIMILARITIES AND 
DIFFERENCES BETWEEN THE Ear 
AND THE SKIN 


The increase in loudness that ac- 
companies an increase in sound 
pressure offered a particularly good 
area for comparative experiments. For 
comparison of the loudness of a pure 
tone with the sensation magnitude of 
sinusoidal vibrations presented to the 
finger tip, we used the equipment 
shown in Fig. 7. It consisted of a 500- 
cps oscillator which was periodically 
and automatically switched to one of 
two attenuators. The output of the 
lower attenuator was attached to an 
earphone, whereas the upper attenuator 
was connected through a Wheatstone 
bridge to an electrodynamic driving 
unit. The Wheatstone bridge was 
used to superimpose onto the alter- 
nating currents a direct current. This 
direct current acted on the coil of the 
electromagnetic system and pushed the 
coil with the vibrating tip always up- 
wards. The d.c. pressure of the vi- 
brator on the finger tip was determined 
by the magnitude of the direct current. 
The observer’s hand and the rest of 
his finger rested on a platform P. 


Fic. 7. Equipment to compare the loud- 
ness of a tone with the sensation magnitude 
of a vibration. Onto the alternating cur- 
rents of the electrodynamic vibrator a 
direct current is superimposed through a 
Wheatstone bridge. The direct current 
produces a constant pressure of the vibrator 
tip on the finger. 
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First the auditory threshold was de- 
termined and then the threshold for 
the vibrations. It turned out that, in 
order for the loudness of the 500-cps 
tone to match the sensation intensity 
of the vibrations, both attenuator boxes 
had to be changed by the same amount. 
This experiment, carried out 25 years 
ago (v. Békésy: 1930a, 1930b), 
suimulated me to investigate further the 
analogies between hearing and vibra- 
tion sensations. Later (v. Békésy: 
1955, 1958), it turned out that the 
close similarity between loudness and 
the sensation of vibration magnitude 
holds only for the very sensitive parts 
of the skin, like the finger tip, but not 
for the less sensitive skin of the upper 
arm. The sensation magnitude on the 
upper arm increases much faster from 
threshold than does loudness. Since 
a partially anesthetized finger tip be- 
haves the same way compared to a 
normal finger tip, it seems likely that, 
when the number of functioning end 
organs is small, sensation magnitude 
increases sharply as a function of the 
stimulus. For areas on the skin with 
high sensitivity, however, it is sur- 
prising how great the similarity be- 
tween loudness and vibration sensa- 
tions is. 

The similarity of the two sense 
organs reaches its maximum when 
short clicks are used as stimuli. With 
sinusoidal vibrations the similarity is 
no longer so general. This may be 
because the end organs of the skin 
seem to react slower than the end 
organs of the ear. All the phenomena 
in which time patterns are involved 
can be discriminated by the skin only 
if the changes are slow relative to 
changes that the ear can recognize. 
For instance, if we suddenly switch a 
sinusoidal vibration onto the finger 
tip, the sensation magnitude does not 
increase sharply but takes more than 
a second to become fully established 
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Fic. 8. Increase with time of the sensa- 
tion magnitude of a vibration of 100 cps 
suddenly applied to the finger tip. 


(v. Békésy: 1939a, 1939b, 19407. 
This is shown in Fig. 8, where the 
ordinate represents the increase in the 
magnitude of the sensation. The curve 
was obtained by presenting the vibra- 
tion for short times, such as 0.3, 0.6, 
0.8, and 1.0 sec., and increasing the 
amplitudes of these impulses until the 
sensation magnitude matched that of a 
vibration presented for 2 sec. The 
ordinate shows the increase in the 
amplitudes required for the short im- 
pulses to match the 2-sec. presentation. 

In hearing it also takes time for the 
loudness to develop to its full magni- 
tude (v. Békésy, 1929), but the time 
required is only about 0.2 sec., about 
one-fifth the time required by vibratory 
sensations, as can be seen in Fig. 9. 
If the sound is suddenly switched off, 
again it takes a certain length of time 
until the sensation vanishes completely, 
and here again the decay time is much 


longer for the skin than for hearing. 
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Fic. 9. Increase in the loudness of a 
1,000-cps tone switched on suddenly. 
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Fic. 10. Threshold curve for the finger tip 
at different vibration frequencies. 


Since the nervous system of the 
skin works more slowly than the 
nervous system of the ear, we would 
expect that the nerves of the skin 
would not be able to follow the rhythm 
of vibrations at as high speeds as can 
the ear. Consequently, we would 
expect the threshold for vibration 
amplitudes to start to rise at very low 
frequencies with about the same slope 
as the auditory threshold rises between 
10,000 and 20,000 cps. Figure 10 
shows that the threshold on the finger 
tip shows its maximal sensitivity in the 
frequency range between 300 and 400 
cps and rises very rapidly at 1000 eps. 
But it should be mentioned that the 
rise in the threshold with increasing 
frequency involves not only neural 
phenomena, but also some mechanical 
factors, such as the transmission of the 
vibrations to the end organ. 

In short, we can say that the nerves 
in the skin act more slowly than the 
auditory nerves, and, to obtain com- 
parable effects, transients presented to 
the skin must be 5 to 10 times slower 
than those presented to the ear. On 
the other hand, the growth of sensation 
intensity on the finger tip is much like 
the growth of loudness in hearing. 
Why this does not also hold for the 
upper arm is of particular interest, 
since many factors indicate that the 
sensation intensity is connected with 
the density of the neural innervation 
in the skin at the point in question. 
A single end organ with its nerve fiber 
generally behaves almost in accordance 
with the all-or-none law, and this 


simple nervous system will not react 
below its threshold, but will react 
strongly above it. But if there is a 
large number of end organs, their 
sensitivity will vary, and the loud- 
ness increase from threshold will no 
longer consist of a single jump, but 
will spread over a larger interval. The 
smallest distance apart at which two 
vibrating points can be discriminated 
as two separate impressions is very 
much smaller on the finger tip than 
on the arm. This seems to indicate 
that the density of the end organs is 
higher on the finger tip than on the 
arm, and therefore a given vibrating 
tip will stimulate more end organs on 
the finger tip than on the arm. The 
larger number of end organs makes the 
apparent intensity of the vibration in- 
crease more slowly on the finger tip. 
We can get the same effect on the arm 
if we compare the increase in apparent 
intensity of a sharp tip with that of 
a large frame that stimulates a large 
number of end organs. Such a match 
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Fic. 11. The abscissa represents the vi- 
bration amplitude above threshold of a 
point vibrator (diameter 1 mm.); the 
ordinate, the vibration amplitude of a vibrat- 
ing frame that seemed equal in loudness 
to the vibration sensation of the point. The 
curves show that near threshold the same 
change in amplitude results in a larger 
change in sensation intensity for the point 
than for the frame, 


8 GEORG v. 


in subjective intensity is shown in Fig. 
11, for three observers. It can be seen 
that, starting from threshold, an in- 
crease of 20 db in the vibration ampli- 
tude of the frame has the same effect 
on subjective intensity as an increase 
of 5 db in the vibration amplitude of 
the needle (v. Békésy: 1955, 1958). 

A faster and more accurate measure- 
ment of the relative loudness increase 
near threshold can be obtained with 
an automatic audiometer (v. Békésy, 
1947b). This audiometer consists of 
a potentiometer which is driven by a 
motor in such a way that pressing a 
button causes the sound pressure to 
increase continuously, whereas releasing 
the button causes the pressure to de- 
crease continuously. Starting at a 
low value, the observer holds the 
button down until he hears the sound 
and then releases it until the sound 
is no longer noticeable, and so on. 
The fluctuations of the potentiometer 
position give to some degree a measure 
of the difference limen in decibels for 
amplitude changes at threshold. The 
same technique was used on the skin, 
with an electrodynamic vibrator re- 
placing the earphone. Figure 12 shows 
fluctuations in the threshold for vibra- 
tions at 150 cps, when the lower arm 
is stimulated by a frame (left side of 


150 cps 
needle 


frame 


time 


oT 2 min. 


Fic, 12. The just noticeable amplitude 
variations may be much smaller when the 
stimulator is a needle tip than when it is 
a frame, 
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figure) and by a needle tip (right 
side). A comparison of the two records 
shows that the just noticeable differ- 
ences in apparent intensity require a 
much larger amplitude change with 
the frame than with the needle. At 
the same time, as a consequence of the 
smaller area stimulated, the thresholds 
obtained with the needle are about 8 
db less sensitive than those obtained 
with the frame. A consequence of 
a large nerve supply seems to be that 
the sense organ is more sensitive. 
Experiments have shown that nar- 
cotizing the skin can cut down the 
active nerve supply to such a degree 
that records taken with the frame 
have the same form (shown on the 
right of Fig. 12) as those taken with 
the needle on normal skin. 

The 35-mm. length of the human 
basilar membrane contains a nerve 
supply of between 30,000 and 40,000 
nerves. The nerves are much denser 
than on the finger tip; consequently, 
even at high frequencies, where the 
stimulation is concentrated near the 
stapes footplate, great numbers of end 
organs are stimulated. But when there 
is nerve deafness, some of the nerves 
decrease their activity and, as can be 
seen in the lower curve of Fig. 13, 
the difference limen for sound pressure 
changes decreases for high-frequency 
tones which stimulate a small area on 
the basilar membrane. At the same 
time the sensitivity for the high tones 
deteriorates and the threshold goes 
down rapidly, much as was found for 
the skin in Fig. 12, In contrast to 
the curve for nerve deafness, the upper 
drawing of Fig. 13 shows the hearing 
threshold where there is a purely 
mechanical middle-ear disturbance. 
Here again, the threshold goes down 
at the high frequencies, but the differ- 
ence limen amplitude changes stay 
about the same. 

Of the many analogues in hearing 
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Fic. 13. The upper curve shows an audio- 
gram, recorded with an automatic audiom- 
eter, of a person with conductive hearing 
loss. This is a purely mechanical hearing 
loss, produced by the transmission loss 
of the vibrations in the middle ear. The 
fluctuations in the audiogram give a measure 
of the just noticeable sound pressure changes. 
In mechanical hearing loss the difference 
limen is independent of frequency. The 
lower figure shows that in nerve deafness 
(caused by shooting) the difference limen 
decreases rapidly with frequency in about 
the same way as the difference limen 
measured on the skin when the stimulated 
area is decreased in size from a large sur- 
face to a sharp point. 


and skin sensations, I should like to 
point out one more, namely, the ap- 
parent size of the sensation. Itis well 
known that every sound transmitted 
to the ear through an earphone, a tube, 
or a loudspeaker seems to have a 
certain volume which is determined 
by its loudness, pitch, and time pattern. 
A hum of 50 cps may seem to occupy 
a sphere several feet in diameter, 
whereas a sharp noise of the same 
loudness seems to extend only a few 
inches. Exactly the same holds for the 
skin sensations, which may change 
their apparent size even when the 
surface area stimulated by the vibrator 
remains the same. Figure 14 shows— 
for hearing, for mechanical stimulation 
of the arm, and for electrical stimula- 
tion of the finger tip—how the apparent 
size of the sensation for sinusoidal 
stimulation decreases as the frequency 
increases. The slopes of these curves 


are all very similar. The effect seems 
to be connected with the increase 
in lateral inhibition for fast-occurring 
changes in the stimulus. 


Tue Use or THE ANALOGY Between 
HEARING AND SKIN SENSATIONS 
For RESEARCH IN HEARING 


My main research field for many 
years has been hearing, but I have been 
drawn to investigate skin sensations 
for several reasons. In earlier times, 
theories about the vibration pattern 
of the cochlear partition and the basilar 
membrane were usually based on 
psychological observations. Since the 
number of variables is very large, no 
definitive theories evolved. Through 
direct observations in the ear of the 
living guinea pig and on preparations 
of human temporal bone, we have been 
able to make measurements on the 
vibration pattern along the basilar 
membrane. But in order for our 
conception to be complete, it seemed 
necessary to find out whether the 
vibration pattern of the traveling waves 
resulted in sensations that could ac- 
count for the discriminating powers of 
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Fic. 14. As the frequency increases, the 
apparent size of sensations decreases with 
about the same slope for tones, mechanical 
vibrations, and electrical stimulation of the 


skin. 
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Frc. 15. Model of the cochlea. On the 
top of the cylinder can be seen the mem- 
brane with the rim, On the right is a 
metal bellows with a driving rod which 
serves as stapes footplate. Two tubes make 
it possible to fill the whole model with 
water. The length of the model tube is 
30 cm. With the arm resting on the rim 
of the membrane, localization of the vibra- 
tions can be observed, even through heavy 
garments. 


the inner ear, such as pitch discrimina- 
tion, etc. It is much the same approach 
as is used in chemistry, where, after 
an analysis has been completed, for 
the final proof a synthesis is carried 
out. 

For the synthesis, models of the 
cochlea were constructed that showed 
much the same wave patterns as those 
observed in the human cochlea (v. 
Békésy: 1955, 1958). The models 
were so-called dimensional models, of 
the type used in ship building. Several 
were made, the last one a modification 
of a model made at Göttingen (Diestel, 
1954). This model consists of a plastic 
tube which has along its upper side an 
edge that vibrates in the same way as 
the basilar membrane and shows the 
same traveling waves, over a frequency 
range of two octaves. It is shown in 
Fig. 15 with a metal bellows which was 
used to put in motion the fluid inside 
the tube. 

The important problem was to pro- 
vide this mechanical model with an 
appropriate nerve supply. First we 
tried to lay a frog skin above the 
vibrating part of the model, and to 
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record the nerve spikes. Later we 
placed the skin of our own arm on 
the model, as can be seen in Fig. 15, 
and observed what could be felt, Im- 
mediately it was clear that, although 
the membrane was vibrating along a 
large section, only a very well defined 
narrow section seemed to produce a 
stimulus. This situation is demon- 
strated schematically in Fig. 16. The 
upper drawing shows the increase of — 
the amplitudes at different points along 
the membrane when the “stapes foot- 
plate” is suddenly set into vibrations of 
constant amplitude. There is a place 
of maximal amplitude but the maxi- 
mum is very flat. The sensation, on 
the other hand, is very well defined, 
as illustrated in the lower drawing. 
All the lateral widespread vibrations 
on both sides of the maximum seem 
to be inhibited in the skin and are not 
felt. 

As the frequency is changed, the 


125 cps 


stimulus 


time 


time 


WISI 
stapes 
O cm 


25 


2O ASi IGS, 


Fic. 16. Inhibition on the skin. The 
upper drawing shows the development of 
the vibrations along the’ membrane during 
the onset of a continuous tone of 125 cps. 
The lower drawing shows how widely these 
vibrations are suppressed by the skin, so 
that only a small section of the membrane 
is felt as vibrating, 
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place of maximal stimulation moves 
along the membrane. For high fre- 
quencies the maximum approaches the 
“stapes footplate” end of the mem- 
brane, and for low frequencies it moves 
toward the other end, just as in the 
normal ear. This produces a sensa- 
tion along the surface of the arm of 
the sort that a small section (about 
2 cm.) of skin is stimulated and this 
section travels, with the frequency of 
the vibration, up and down the arm. 
So far as frequency analysis of pure 
tones in the cochlea is concerned, this 
«seems to represent a perfect synthesis 
in the study of the inner ear. 

But the analogy between the model 
and the ear goes even further. It 
turned out that, when not a continuous 
vibration but only an impulse of two 
cycles was presented, the maximum 
of the vibration on the skin was 
localized with the same precision as 
was a continuous long-lasting vibra- 
tion. The counterpart in hearing is 
very well known and it has always been 
one of the greatest puzzles, how the 
ear can make a frequency analysis of 
a tone that lasts only two full oscilla- 
tions with almost the same accuracy 
with which it can analyze a long tone. 
This is a fact that can not be explained 
by purely mechanical analysis. The 
experiments with the model show that 
it is really possible only by a com- 
bination of a rough mechanical analysis 
plus a very specific nervous inhibition. 

Experiments with the model shifted 
our attention to problems of inhibition 
in hearing and on the skin, since 
inhibition appears to modify these 
sensations to a very large degree. Both 
the model and the basilar membrane 
have two different kinds of inhibition. 
One is produced by the fact that the 
vibrations consist of traveling waves, 
and the different sections of the skin 
and the basilar membrane are reached 
and stimulated, not simultaneously, 


but with certain time delays. This 
type of inhibition serves to suppress 
those of the stimuli that started later. 
The second type of inhibition shows 
an enhancement of the sensation inten- 
sity near the maximum of the stimulus 
and produces a suppression of the 
lateral spread of the sensation when 
all the stimuli are presented at the 
same time. In the two sections that 
follow I should like to discuss these 
two types of inhibitions in their various 


aspects. 


INHIBITIONS Propucep BY TIME 
DIFFERENCES IN AUDITORY AND 
TACTILE SENSATIONS 


Directional hearing is probably one 
of the best-known instances of inhibi- 
tion produced by a time difference. If 
a sound hits both ears at the same 
time, we localize the source of the 
sound in the medial plane (von Horn- 
bostel, 1923). But if the sound reaches 
one ear earlier than the other, we 
localize the sound as coming from that 
side, since it is closer to the sound 
source. In experiments on localization 
it is more convenient to use two ear- 
phones than to move a sound source 
around the head and to supply the 
earphones with two equally loud and 
similar clicks. When there is no time 
difference between the two ears, the 
sound image appears in the medial 
plane. If there is a large time differ- 
ence, then the two clicks do not fuse 
and we hear two separate clicks, one 
in each ear. This is shown in the 
upper part of Drawing B of Fig. 17 
by the two circles representing the 
sound images observed in both ears 
separately. As the time delay becomes 
smaller, the images of the two sides 
suddenly fuse together, the loudness 
of the sound increases, and it appears 
in the left ear (in the figure), since 
the right ear received a delayed click. 
In the figure this is shown by the filled 
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Fic. 17. Inhibition of clicks by time 
delay. In A, two vibrators were placed on 
two points on the skin 12 cm. apart, and 
by means of discharging condensers two 
sharp sensations with a time delay were 
produced on the surface of the skin. When 
the time delay is zero, the sensation is 
felt in the middle between the two vibrators, 
as indicated by the dashed circle. When a 
time difference is present, the locus of the 
sensation travels closer to the vibrator that 
receives the click first. At the same time, 
the loudness of the sensation increases, as 
is indicated by the shading, and the spread 
of the sensation diminishes. B shows the simi- 
lar phenomenon of directional hearing when 
one click is presented to one ear and another 
click to the other ear. The time delays 
required to produce complete lateralization 
for the skin and for hearing are the same. 


dots. As the time delay becomes 
smaller, the unified sound image moves 
to the middle and, as the time delay 
is reversed, the image moves to the 
other side, where it again splits into 
two separate sound images. 

A completely analogous situation is 
found in the skin sensations. If we 
hold a thin wooden stick in both hands, 
and one end of the stick is hit sharply 
with a hammer, we have no difficulty 
stating which end of the stick was hit, 
because the traveling waves produced 
in the stick hit one hand earlier than 
the other (Katz, 1937). For measure- 
ments of this kind of phenomenon, we 
used two vibrators, each in contact 
with the thumb of one hand, or in 
contact with different sections on the 
skin of the arm. Figure 17 A shows 
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the effects of time delays on the 
sensation produced on the arm when 
two vibrators were applied about 12 
cm, apart. Again when the time differ- 
ences were large, a separate stimulus 
was felt under each vibrator, but they 
fused into a single sensation area for 
shorter time delays. It was surprising 
to find that the time difference neces- 
sary to make the fused sound image 
travel from one side of the head to the 
other was the same as the time differ- 
ence necessary to make the vibration 
sensation travel from one area on 
the skin to the other. The nervous: 
systems controlling these kinds of 
inhibition must be very similar in both 
cases. 

But there was one difference which 
disturbs the complete analogy. As 
can be seen in Fig. 17, at zero time 
delay the sensation area on the arm 
was very much larger than at the 
other time delays. For hearing, this 
was not the case; the sound image 
of the clicks, when they were in the 
middle, always appeared to be of the 
same order of magnitude, regardless 
of location. We did extensive re- 
search on this difference. In place of 
the series of clicks, we used the so- 
called rotating vibration, analogous to 
the Drehton. It consisted of two 
sinusoidal vibrations, one at 50 cps and 
the other at 50.3 cps, placed a certain 
distance from each other on the skin 
of the arm. These two beating vibra- 
tions experience a constant change in 
their phase relations, going through a 
full cycle in about 3 seconds. The 
phase changes represent time delays 
relative to each other, and the sensation 
of the vibrations therefore moves 
alternately from one vibrator to the 
other. An unexpected finding was 
that, when the distance between the 
two vibrators was 20 cm., as shown in 
Fig. 18, the sensation image could 
hardly be felt for zero time delay or 
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Fic. 18. Two vibrators placed a certain 
distance apart on the surface of the skin 
and vibrating at frequencies of 50 and 50.3 
cps, respectively, produce a sensation which 
travels periodically from one vibrator to the 
other (Drehton). If the distance is large, 
zero phase between the vibration amplitudes 
diminishes the magnitude of the sensation 
intensity considerably. If the distance is 
smaller, there are no changes in the sensation 
magnitude during the traveling. Lateral 
interaction between the nerve systems under 
the vibrators decreases the loudness changes. 


zero phase, since the magnitude of the 
sensation became so small that it was 
below threshold. For larger phase 
differences, however, the loudness in- 
creased and was properly localized 
under one of the vibrator tips. As 
the distance between the vibrator tips 
was decreased, the changes in the 
sensation magnitude became smaller, 
and at a distance of 2.5 cm. on the 
lower arm there was almost no change 
in the magnitude of the sensation, and 
even its apparent lateral spread did 
not change as it traveled from one side 
to the other. This is exactly the same 


situation as is found in hearing and 
is illustrated in Drawing B of Fig. 17. 
From this I have concluded that, 
if there is a strong lateral neural inter- 
connection between two stimulated 
places, then there is only a very small 
change in the magnitude of the sensa- 
tion as it travels from one side to the 
other. But if the lateral neural inter- 
connection is loose, as when two 
vibrator tips are placed far apart, then 
it is very difficult to localize the sensa- 
tion between the two vibrators, and 
we feel nothing. Since in the ear the 
loudness changes are minimal as a tone 
is localized from one side to the other, 
we must assume that the interaction of 
the auditory nervous system between 
the two ears must be very strong. 
Perhaps a histological section of the 
branching of the auditory nerves made 
by Lorente de Nó (1933), and shown 
in Fig. 19, will illustrate this well 
organized interaction between the two 
sides. 

After the discrepancies between the 
directional hearing and the sensation 


Fic. 19. Neural lateral interconnections 
in the auditory nerve trunk (after Lorente 
de Nó, 1933). 
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localization on the surface of the skin 
were eliminated, we tried to imitate on 
the skin directional hearing in a free 
sound field. As can be seen from Fig. 
20, two microphones were set up in a 
horizontal line about 20 cm. apart, 
corresponding to the distance between 
the two ears, Each of these micro- 
phones had its own amplifier which 
was attached to a model of the cochlea 
(described earlier), against which the 
arms were placed as shown in the 
figure. A condenser was discharged 
periodically through a loudspeaker and 
formed clicks of low pitch. If the 
loudspeaker was now moved around 
the room, the observer could tell when 
the loudspeaker passed through the 
medial plane, since at this point the 
sensation jumped from one arm to the 
other. At first, one had the sensation 
that the sound source passed in a 
straight line from one arm to the other. 
But if the observer was permitted to 
see the movements of the loudspeaker 
in the room and coordinate them with 
the sensations on his arms, after some 
training he began to project the skin 

_ Sensations out into the room. The 
apparent distance of the loudspeaker 
was determined entirely from the loud- 


Fic. 20. Models of the cochlea applied 
to both arms for the investigation of 
phenomena similar to stereophonic hearing. 
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Fic. 21. Equipment to produce rotating 
tones and skin sensations with the help 
of a rotating phase shifter. 


ness of the sound, but the directions 
were localized more and more ac- 
curately. This projection of the sensa- 
tion out into the room, after a period 
of learning, is a very interesting 
experience. The neural interaction 
between the two arms is slight, and 
the sensation magnitude in the medial 
plane may fade out. If this is disturb- 
ing, it can be avoided by placing the 
two ear models on both sides of the 
same arm. 

The close analogy between direc- 
tional hearing and sensations on the 
skin produced by time delays can 
be further demonstrated by the cor- 
relate of rotating tones. Two beating 
frequencies were produced by the 
apparatus shown in Fig. 21. It con- 
sists of a ‘single oscillator with a 
frequency N, which feeds its current 
once through an attenuating box to an 
electromagnetic driving unit, as shown 
in the upper part of the drawing. The 
oscillator is also connected to a phase 
shifter which is constantly driven by 
a 10-rpm motor so that the frequency 
leaving the phase shifter is always % 
cps higher than the incoming frequency. 
This branch of the circuit is also 
attached to a second electromagnetic 
vibrator. The important feature of 
this circuit is that the basic frequency 
of the two tones can be changed with- 
out changing the beat frequency at all, 
which means that adjustments are very _ 
easy to make. 
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Fic. 22. The sensations produced 
rotating vibration or rotating tone at the 
extreme left or extreme right have many 
qualities in common. (a) As the frequency 
increases, the size of the sensation decreases, 
and at the same time the lateral movements 
become smaller, until finally the displacement 
almost disappears. (b) The sound image of 
a rotating tone is localized between the two 
ears at low frequencies, but at 3,000 cps 
seems to move to the top of the head. At 
high frequencies, the sensation on the finger 
tip is localized quite outside the finger 
itself. 


It is now known from the description 
of the rotating tones that at low fre- 
quencies, such as 100 cps, the sound 
image travels from one ear to the other 
in a plane that goes through the two 
ears. If the frequency is increased to 
above 1000 cps, the plane in which 
the sound image seems to rotate rises 
about 2 cm. above the axis of the ears. 
If the frequency is still further in- 
creased, the sound image seems to 
rotate in a plane along the top of the 
head. I do not know any explanation 
for this phenomenon, but it can easily 
be repeated by exchanging the two 
vibrating units in Fig. 21 with two 
earphones. The question is whether 
a similar phenomenon is observed on 


the skin. To test it, we may 
thumbs on the two vibrators in 21. 


by time intervals alone. 
section, we shall describe some kinds 
of inhibition produced by changes in’ 
the magnitude of the stimulus along the 
stimulated area. These are of a very 
different type. 


INHIBITION AND SUMMATION IN 
SPATIALLY DISTRIBUTED STIMULI 


If we lay a rod on the surface of 
the skin and set it into vibration 
perpendicular to the sar 
attaching it to a vibrator (see 
of Fig. 23), then the stimulus 
on the skin is of equal i 
the whole length of the rod 
whole rod vibrates in the 
with no time delay. U 
conditions we do not feel 
vibrate along its full length, 
a section in the middle. The 
spread of this section depends on 
frequency of the stimulus, its 
tude, and the density of the 
innervation of the skin section. If 
amplitude distribution is not 
along the length of the rod (it 
easily be made so by pressing a mass 
against one side of the rod, as is shown 
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the sensation is immediately displaced 
toward the maximum of the stimulus 
amplitude without losing its 

In general it is found that the sensa- 
tion is very much sharper and more 
centered than the stimulus distribution 
that has been applied to the skin. This 
sharpening effect of the sensation 
distribution along the surface of the 


we press the frame illustrated on the 
left side of Fig. 24 slowly down on 


Fic. 24. Pressure applied slowly to the 


surface of the skin produces a sensation as 
large as the size of the object. But if an 
a ai appel against the skin, a sensation 

is observed only in the center of the object. 


It is in this type of neural 
inhibition that nature shows its superi- 
ority to today’s electronics and filtering 
techniques. 

How far neural inhibition can go 
may best be illustrated by the follow- 
ing experiment. Five vibrators were 
placed 2 cm. apart in a line, with the 
vibrator tips sticking out a small dis- 
tance through holes in a flat brass 
plate. The box with the vibrators can 
be seen in Fig. 25. The vibrators 
were put into vibration by a series 
of sharp clicks in such a way that the — 
vibrator on the left side had a fre- 

quency of 20 pulses per second, and 
the frequency of each succeeding vibra- 
tor was one octave higher. The whole 
frequency range covered four octaves. 
The question is, when the arm is 
laid against the plate, and all five 
vibrators are set in motion, which 
vibrator is felt and what vibration 
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FUNNELING Action or THE Nervous 
System IN HEARING AND SKIN 


18 GEORG v. 


eye tends to decrease the brightness 
where the stimulus starts to increase, 
and to increase the sensation where 
the stimulus reaches its maximum, 
as is schematically represented by the 
dotted curve in the upper drawing of 
Fig. 26. If the light distribution on 
the retina shows a flat maximum, as in 
the lower drawing of Fig. 26, then, 
as a consequence of the funneling 
action, the lateral spread of the sensa- 
tion is considerably sharpened. The 
contrast effect is not a trivial effect; 
it plays a very important role in vision. 
For example, when we look at a bright 
spot in a dark field we do not always 
see a halo around the bright spot. 
This halo is produced by the scattered 
light in the eye, and, though it is not 
always seen, it is always present, since 
on an excised eye the retina is sur- 
rounded near the bright spot by a very 
disturbing halo. Were it not for the 
contrast effect, which suppresses the 
halo, most objects would look quite 


It is not difficult to produce Mach 
rings, or the analogous contrast phe- 
nomena on the arm. The equipment 
used is shown in the lower drawing 
of Fig. 27. It consisted of a plastic 
sheet with two points cut at a and b, 
so that it could easily be bent around 
an axis perpendicular to its surface. 
A vibrator was attached to a lever 
made of tubes, and with the help of 
two forks it distributed the vibration 
amplitude along the edge of the plastic 
sheet, as shown in the drawing. The 
left-hand part of the sheet had a 
constant amplitude for one-third its 
length, and the right-hand side also 
had a constant amplitude, which was 
about three times larger than on the 
left. In the middle of the sheet the 
vibration amplitude showed a constant 
increase. Pressing the lower edge of 
the sheet against the arm produced a 
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Fic. 27. In order to test the validity of 
the law of contrast for skin sensations, a 
plastic sheet was set in vibration with the 
amplitude distribution shown in the figure. 
This amplitude distribution was achieved 
by an oscillating lever with a fixed point c. 
The plastic sheet was flexible at points a 
and b. The distribution of the intensity of 
the sensation along the forearm was found 
to be similar to the distribution in vision. 


small sensation on the left side and a 
very strong and exaggerated sensation 
of vibration maximum on the right 
side. But between them, there was 
a section in which no vibrations could 
be felt—not just that nothing was 
felt, but the feeling that nothing was 
there. This sensation of nothingness 
is probably produced by inhibition 
of the usual small sensations always 
present on the surface of the skin— 
sensations that we may call internal 
noise. The drawing of the sensation 
at the top of the figure is a free-hand 
drawing by an observer trying to show 
the local distribution of the sensation 
magnitude along the skin. All the 
characteristics of Mach rings are 
present on the skin. I think that these 
same phenomena play a very important 
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role in the sharpening of the sensations 
along the basilar membrane in hearing 
(v. Békésy, 1928). 

The skin is a very convenient place 
to demonstrate funneling action, since 
the lateral spread of a sensation can be 
easily felt and directly measured in 
centimeters along the skin surface. Ob- 
servers have no difficulty making a 
drawing of the distribution of the 
sensation magnitude along the skin 
surface. If the funneling action in- 
creases, the lateral spread of the sensa- 
tion shrinks to a center. This can be 
shown, for example, for the lateral 
spread of vibrations of 50 cps produced 
on the arm by a vibrating frame. 
When the vibration amplitude was 
20 db above threshold, the lateral 
spread of the sensation was as long 
as the edge of the frame. The distribu- 
tion of the sensation intensity is shown 
in the upmost drawing of Fig. 28. If 
we now keep these vibrations constant 
and superimpose onto them a series 
of sharp clicks with increasing ampli- 
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Fic. 28. A sharp click has a very strong 
funneling action and it can make the lateral 
spread of a 50-cps vibration shrink down 
to a small area. The small gray area in 
each curve represents the distribution of 
the sensation of a click, the outlined white 
area the distribution of a 50-cps vibration 
produced by a frame whose edge is 13 cm. 


in length. 


continuous 
sensation 
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Fic. 29. A time delay between two vibra- 
tors produces funneling toward the first 
stimulus. The figure shows that the funnel- 
ing is more pronounced when the distance 
between the vibrators is small than when 
it is large. The lateral spread of the 
sensation is much smaller for a short 
distance than for larger distances. 


tudes, then we find that the clicks al- 
ways have a very narrow lateral spread, 
and as the loudness increases they are 
able to contract the lateral spread of 
the 50-cps sensation, i.e., funnel them 
into their own sensation field. This 
effect is shown in the consecutive 
drawings in Fig. 28 from the top 
downward. 

Once a funneling action is estab- 
lished in a neural pathway, it can not 
be broken off at will, but it will last 
for a certain length of time, at least 
0.5 to 0.8 sec. We can demonstrate 
this on the arm. For this purpose we 
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use two vibrating frames set close 
together on the arm, as shown in 
Fig. 29. With a special type of pre- 
cision switch, random vibrations (sim- 
ilar to white noise) were alternately 
switched from one frame to the other 
with a full period of a half second. 
When the two edges of the frames 
are close together, only one completely 
continuous sensation is felt in the 
middle between them, without any 
pulsation at all. Both sensations are 
funneled into the same channel, and 
since one is always vibrating there is 
no intermittence, But if we increase 
the distance between them, then there 
is a value at which we can no longer 
make them fuse together and we feel 
one frame pulsating, as illustrated in 
the lower drawing of F. ig. 29. At any 
one time, we can have on the arm 
only one funnel, but after a certain 
amount of training we can shift it from 
one frame to the other voluntarily. 
The same experiment can be carried 
out in hearing by setting up two loud- 
speakers in a room and feeding them 
alternately with white noise. Tf they 
are close together, we localize only one 
sound source, located in the middle 
between the two loudspeakers. But 
if the distance between the loudspeakers 
is increased, we hear only one of the 
loudspeakers with interrupted white 
noise (v. Békésy, 1931), and again 
our attention can be shifted from one 
loudspeaker to the other one. 


CONCLUSIONS 


A comparison of hearing and the 
sensation of vibration along the skin 
shows a surprisingly large number of 
similarities. These similarities make 
it possible to find points in common 
between the two sense organs to a 
much larger degree than is generally 
assumed. The advantage of this to 
hearing is that, by making the neces- 
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Sary adjustments, we can postulate 
some phenomena of the ear which we 
can not observe directly. 

It is particularly helpful that the 
sensitivity of the skin changes to such 
a large degree along the Surface, 
which permits us to extrapolate from 
the skin to the ear. How this is done is 
indicated in Fig. 30, in which some 
sensations are charted as they change 
along the surface of the skin from the 
shoulder to the finger tip. The top 
figure indicates the most probable 
nerve density on the cortex corre- 
sponding to the different areas of the 
arm and hand. The second figure 
shows how the smallest distance 
between two points that can be dis- 
criminated decreases as we approach 
the finger tip. When the two-point 
threshold is small, the threshold is 
in general low, but at the same time 
the curves of equal loudness are quite 
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Fic. 30. When the density of the nerve 
supply is high, the threshold of sensation 
tends to be low and the loudness increases 
slowly with an increase in the magnitude 
of the stimulus. A rapid increase in the 
loudness indicates a small nerve density 
(recruitment). 
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flat for higher sensation magnitudes, 
on the skin just as in hearing. The 
next figure shows that the apparent 
lateral spread of a vibrating sensation 
on the skin decreases with innervation 
density, not only for mechanical stimu- 
lation, but also for electrical stimula- 
tion, as is shown in the last drawing. 
Besides the qualities mentioned, a 
large number of others were investi- 
gated in the same way. 

Since the inner ear is more sensitive 
than the finger tip, these curves 
indicate the direction in which we have 
to extrapolate when we go from the 
shoulder, through the finger tip, to the 
inner ear. Certainly this kind of 
extrapolation suggests many new ex- 
periments in the field of hearing, and 
in skin sensations as well. 

But besides this, I have hopes of 
a different sort. The organ of Corti 
evolved step by step from the skin, 
until it reached the highly differ- 
entiated shape that can be found in 
man or in the guinea pig. The ques- 
tion is, what functions can the organ 
of Corti perform that the skin cannot? 
Already a partial answer to this ques- 
tion permits us to concentrate our 
attention during investigation of the 
organ of Corti on certain points in its 
structure, which could otherwise hardly 
be understood. At the moment, there- 
fore, I am hunting for phenomena 
which differ in hearing from phe- 
nomena observed on the skin, in order 
to find out where the superiority of the 
organ of Corti over the skin comes in. 
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In the usual method of constructing 
an average curve for a group of 
learners, the individual scores are 
pooled for a trial of given ordinal 
position. In an alternative method, 
the scores of various learners are 
pooled for trials specified with reference 
to a performance criterion, regardless 
of the original, absolute, ordinal posi- 
tion of these trials. The Vincent curve 
is a well-known example of the latter 
method. More recent applications by 
Solomon and Wynne (1953), Hayes 
(1953), and Underwood (1957) sug- 
gest that the criterion reference method 
may reveal details of the learning 
process which are lost in the usual type 
of curve. 

It has long been known that the 
Vincent curve produces an artifactual 
end-spurt unless certain trials are 
omitted from the analysis (Hilgard, 
1938; Melton, 1936). This raises the 
question of whether the details revealed 
by the newer applications may also be 
artifacts introduced by the method of 
analysis, rather than real behavioral 
phenomena. 


Unperwoop’s CYCLICAL LEARNING 
CURVE 


Underwood’s analysis of human 
serial-learning data (1957) produced 
a curve with a prominent and orderly 
cyclical component. Cole (1957) has 
recently discussed several methods of 
forcing noncyclical data into cyclical 
form, but. none has the power of 
Underwood’s technique. 
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Underwood's curve is based on four 
kinds of points—two which determine 
the peaks and valleys of the cycles, and 
two intermediate types which will be 
considered later. The peaks represent 
criterial trials, on which 1, 2, 3,. . . 10 
items of the ten-item list were first 
correctly anticipated. (Thus, the curve 
contains not one, but a whole series of 
end-spurt artifacts.) The valleys of 
the curve are arbitrarily plotted mid- 
way between adjacent peaks, on 
the horizontal axis. Their vertical 
positions are determined by finding 
each S’s worst trial for the interval 
between criteria, and taking the mean. 
The source of the periodicity seems 
obvious: If one plots points based on 
data which have been selected, alter- 
nately, for their upward and down- 
ward deviations, the resulting curve 
must rise and fall—regardless of 
whether the original fluctuations in the 
raw data were lawfully periodic or 
random. 

Underwood’s method is based on the 
premise that if learning involves a 
series of systematic fluctuations, the 
criterial trials will catch these oscilla- 
tions on the upswing. However, this 
would only be true if the number of 
cycles happened to correspond to the 
number of criteria employed. The 
criteria are chosen arbitrarily by E, 
and need not be known to S, nor 
influence his behavior in any way. 
The number of peaks appearing in the 
curve will equal the number of criteria 
employed, regardless of the nature of 
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the data (except when performance 
improves so rapidly that successive 
criteria are attained on successive 
trials, with no room between for 
minima). If Underwood had chosen 
to be concerned only with criteria of 
2, 4, 6, 8, and 10 items correct, he 
would have found five peaks instead of 
nine. Conversely, if the data had 
actually contained 20 peaks, this fea- 
ture would have been concealed. 

A new method of analysis may be 
evaluated by applying it to data whose 
relevant characteristics are already 
known, to determine whether it reflects 
them faithfully. We have done this for a 
case where it is known that trial-to- 
trial fluctuations are random, aperiodic, 
and lawful only in a probabilistic 
sense. Instead of learning a ten-item 
list, our twenty S’s tossed ten coins on 
each trial, and tried to get as many 
heads as possible. (Cole [1957] recom- 
mends unicorns as S’s for this type of 
investigation; however, we used lepre- 
chauns for the sake of comparability 
with Underwood’s human S’s.) On 
the first trial, all of the coins had tails 
on both sides, to simulate items which 
the naive S has practically no chance 
of anticipating. As training pro- 
gressed, the two-tailed coins were 
gradually replaced with normal coins, 
to simulate items which the partly 
trained S might or might not anticipate 
—or by two-headed coins, to simulate 
items which S has mastered. The 
exchange of coins was arranged to 
make the general level of performance 
parallel that of Underwood’s Ss. Each 
exchange caused an increase in average 
score, never a decrease, so there was 
nothing analagous to a periodic func- 
tion. The results were analyzed by 
Underwood's method, and the resulting 
cyclical curve is shown as a solid line 
in Fig. 1. 

This curve does not faithfully re- 
flect the behavior of any individual S, 
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Fic. 1. Trials-to-criteria learning curve 
(broken line) and a cyclical curve (solid 
line) based on the coin-tossing behavior of 
twenty leprechauns. 


that of the “average subject,” or that 

of the group as a whole. The peri- 

odicity is due entirely to the method 
of manipulating numbers, and similarly 

undulating curves would be produced 

by application of the method to any 

other series of irregularly varying 
numbers, regardless of whether they 
represented error scores, latencies, 
amplitudes, or a table of random 
numbers. 

The objection may be raised that 
the curve does, in fact, give a meaning- 
ful picture of both coin tossing and 
learning. It is true that criterial trials 
are, in general, followed by a drop in 
performance. (This is the fact behind 
the Gambler’s Fallacy.) However, 
two points must be emphasized: (a) 
This drop is only to the average level, 
not below. (b) There is nothing 
orderly about the postcriterial devia- 
tions—a positive deviation is just as 
likely midway between criteria as any- 
where else. 

Pre- and postcriterial trials. Under- 
wood’s curve includes not only the 
highly selected maxima and minima, 
but also points representing the trials 
just before and just after attainment 
of each criterion. These trials are not 
directly selected for exceptionally high 
or low scores, but only for their prox- 
imity to the exceptionally high-score 
criterial trials. Since chance does not 
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carry over from trial to trial, the pre- 
and postcriterial points are free of ob- 
vious bias. However, a subtler kind of 
selection is still operating to make the 
precriterial points spuriously low. 

Suppose several thousand Ss toss 
10 normal coins per trial, and are 
scored by the number which fall heads 
up. A criterion of 8 heads is employed, 
but each S is tested for one additional 
trial. Scores on the postcriterial trial 
will be symmetrically distributed around 
a mean of 5, with a few extreme 
scores of 0 and 10. However, the 
distribution for the precriterial trial 
will be truncated. The mode will be 
5, and the minimum 0; but the maxi- 
mum will be 7, since a higher score 
would make this a criterial trial and 
remove it from the precriterial cate- 
gory. The mean will, of course, be 
less than 5. 

If the coins were strongly biased in 
favor of heads, truncating the distribu- 
tion would cause a greater reduction in 
the mean. More generally, the amount 
of distortion produced increases as the 
average scoring level approaches the 
level defined by the criterion. In the 
case of Underwood’s curve, perform- 
ance is always close to the next 
following criterion, and the depres- 
sion of precriterial points is always 
substantial. 

This type of selection affects not 
just one, but all precriterial points. 
We may therefore examine its im- 
plications for the Vincent curve, which 
consists entirely of precriterial points. 
Strictly speaking, Vincent curves are 
spuriously low throughout their length ; 
in practice, however, with a reasonably 
severe criterion, the error would be 
negligible in the early part of the curve. 
As learning proceeds and average 
performance approaches the criterial 
level, the criterion will be met by a 
positively deviant score. All trials on 
which this happens will, by definition, 


ca 
of the score distribution. The effect 
of such removals will be to depress the 
later part of the curve more than the 
early part, producing a spurious nega- 
tive acceleration. 

The effect of selection on precriterial 
points is apparent in both Underwood's 


Fig. 1 and our own: The precriterial . 


points would all fall below a line con- 
necting the postcriterial points. (This 
latter line would constitute the only 
satisfactory learning curve in these 
figures.) 


Tue Backwarp CURVE 


In some situations, learning may be 
characterized by a period of little or 
no progress followed by very rapid 
improvement. This feature, concealed 
by a conventional average curve, may 
be shown clearly by the “backward 
curve,” which presents performance 
as a function of the number of trials 
before (or after) a criterion. 

As in the Vincent curve, criterial 
trials should not be plotted, since they 
are selected for excellence, and their 
average is spuriously high. In the 
case of multitrial criteria, the trial just 
before criterion should also be omitted, 
since selection operates negatively here, 
making the average spuriously low. 
The effect of plotting these biased 
points can be seen, in the curves of 
response speed presented by Solomon 
and Wynne (1953) for shuttle-box 
learning in dogs. Their Fig. 12 shows 
median speed plotted with reference 
to a criterion of one trial with latency 
less than 10 sec. The criterial trial 
stands out clearly above the surround- 
ing trials. Their Fig. 15 shows the 
same data replotted with reference to 
a criterion of 10 consecutive trials with 
latencies less than 10 sec. The trial 
before criterion stands out clearly 
below the surrounding trials. The 


26 Kerta J. Hayes ann A. C. PEREBOOM 


dramatic rise between these two biased 
sets of data must, of course, be dis: 
counted as spurious. Although elimi- 
nating 11 trials from Fig. 15 would 
leave a large gap in the curve, it is im- 
portant to note that the point at issue 
would still be clearly demonstrated: A 
period of slow progress is followed by 
a period of rapid progress—all within 
the precriterial part of the curve. 

Hayes (1953), analyzing discrimina- 
tion learning in rats, used a criterion of 
9 successive correct trials. He omitted 
the criterial trials and the immediately 
preceding trial from his backward 
curve (Hayes, 1953, Fig. 4). How- 
ever, he failed to note that all pre- 
criterial trials are subject to selection. 
With this type of criterion, selection 
operates somewhat indirectly: A pre- 
criterial trial may be either right or 
ie (except for the one trial 
i iately before criterion) and thus 

s free of bias. However, selection 
still operates in terms of nine-trial 
blocks. Any such block which happens 
to be all correct will be removed from 
the precriterial category. Since only 
correct trials are being removed, there 
must be a reduction in percentage 
correct—for individual trials as well 
as for blocks of nine. 

Although Hayes’s curve shows a 
fairly large and rapid rise between the 
pre- and postcriterial segments, no 
significance can be attached to this 
feature, since it may be due to rapid 
learning, statistical artifact, or a com- 
bination of the two. However, it 
should be noted that the curve shows 


an even more rapid rise within 
precriterial segment. This rise is 
an artifact, and it establishes the 
in question: Very rapid improv 
occurs in the criterial region. 


SUMMARY 


A criterion-reference curve shows 
average performance of a group 
learners on trials specified with refi 
ence to a performance criterion, re- 
gardless of the original, absolu 
ordinal position of these trials. 
method of construction introdu 
selection errors #which may lead to 
erroneous conclusions if their effects 
are not recognized. These effects may 
be clarified by substituting a tossed- 
coin probability model for the experi- 
mental Ss. 
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ADVERBS AS MULTIPLIERS *’ 


NORMAN CLIFF" 
Princeton University * 


In recent years there has been 
increasing interest on the part of psy- 
chologists in problems relating to 
language behavior. This interest has 
found expression in diverse experi- 
mental methods, theoretical view- 
points, and areas of emphasis and has 
resulted in the establishment of the 
field of psycholinguistics. The older 
interests and methods of linguistics 
itself, the study of the physical cues 
of communication, and the study of 
what is communicated have all been 
incorporated to form psycholinguis- 
tics as a discipline. N 
+ 
RELATION OF THE Pectin “to 

PsYCHOLINGUISTICS 


Of particular interest in psychology 
has been the study of the communica- 
tion of emotive or connotative mean- 
ing. Osgood (1952) has surveyed 
theories of meaning and methods of 
studying it, and also introduces a new 
method, the Semantic Differential. 
The Semantic Differential consists of 
a number of equal-appearing éntervals 
scales, each defined by a pair of polar 
` adjectives—“hot-cold,” ‘‘good-bad,” 
etc. When words or concepts are 
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rated on this set of scales, it has been 
found that the variation in the ratings 
can be accounted for by three common 
dimensions. This finding indicates 
that variation in connotative ing 
is not as complex as might be supposed 
and that it is amenable to at least a 
quasi-quantitative analysis, 

in discussing directions for further 
research (Osgood & Sebeok, 1954, p. _ 
180), talks of “laws of word mixture.” 
Such laws would indeed represent a 
considerable step forward, for the de- 
gree of correspondence between quan- 


titative data and the real number sys- 
tem depends on the which 
can be performed on the da! es- 


pecially on the manner in whiclf the 
variables combine (cf. Gulliksen, 
1956b; Weitzenhoffer, 1951). In his 
discussion, Osgood suggests that “laws 
of word-mixture” would follow either 
something akin to vector addition, 
i.e., using the Semantic Differential, 
the coordinates of the combination 
would be the sum of the coordinates 
of the components, or there would be 
an averaging effect, the coordinates of 
the combination would be the average 
of the components. This is felt to be 
too restricted a formulation; there 
might be several “‘laws,” depending 
on the words being mixed. 

Osgood mainly considered aie 
tive-noun combinations, and it may 
be that his suggestions are quite rele- 
vant tosuch combinations. However, 
if connotative communication is to be 
thought of as the representation of a 
space in which different words repre- 
sent projections on some coordinate 
system, it would seem that words 
which have no projections of their 
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own but merely serve to stretch or 
compress the projections of other 
words would be a useful adjunct. 
That is, these words would act like 
the scalar multipliers of vector 
algebra. 

Words which have this stretching 
property would seem to be the inten- 
sive adverbs such as “quite,” “very,” 
and “unusually.” Subjective analy- 
sis of the change in intensity on ap- 
plying adverbs to adjectives bears 
this out. Consider “very” applied to 
“bad” and “pleasant” and judged on 
the evaluative dimension. “Very 
bad” is more unfavorable than “bad”; 
“very pleasant” is more favorable 
than “pleasant.” If “bad” were rep- 
resented by a negative number, 
“pleasant” by a positive one, and 
“very” by a number greater than 
unity, the combinations would behave 
in exactly this manner. On the other 
hand, suppose the same two adjec- 
tives were modified by “slightly.” 
Here, the combinations are less ex- 
treme than the adjectives alone, but 
one would still say that “slightly bad” 
was unfavorable and “slightly pleas- 
ant” was favorable. This case can 
be accounted for by assuming once 
again that “bad” and “pleasant” are 
negative and positive numbers, re- 
spectively, but that “slightly” is a 
positive number less than one. 

Implicit in the above discussion is 
the assumption that the number as- 
sociated with an adjective used alone 
is the same as that which is multiplied 
by the adverb number. That is, we 
are dealing with the same adjective 
quantity whether the adjective is 
used alone or in combination, 

In a somewhat more formal way, 
this particular “law of word mixture” 
may be stated in terms of the following 
postulates : 


1. There is a number associated 
with each adjective. 
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2. There is a number associa 
with each adverb. 

3. The intensity of an adverb- 
adjective combination is the prod 
of these two numbers. 

4. The intensity of the adjective 
used alone is the number associa: 
with it when used in combination. 

5. A set of adjectives can be chosen 
which may be scaled on a single di- 
mension on which all will have the 
same zero point. 


The last of these postulates is intro- 
duced because it will be useful in 
tying the model to data and also be- 
cause it is more parsimonious than 
allowing each adjective to have its 
own zero point. 

The formulation presented here 
should be reflected by the psychophys- 
ical e values of adverb-adjective 
combinations of the type described. 
It is to be remembered, however, that 
scale values have an arbitrary origin 
in the sense that any set of scale 
values, other than one which already 
constitutes a ratio scale, may have a 
constant added to each member of the 
set without distorting the scale. 

The scale value of each adverb- 
adjective combination, then, could be 


expressed as 
Xi = cis + K 
where 


Xi; = the obtained scale value of the 
ith adverb in combination 
with the jth adjective; 

ci = the multiplying value of the 
ith adverb; 

s; = the psychological scale posi- 
tion of the jth adjective; 

K =the difference between the 
arbitrary zero point of the 
obtained scale values and the 
psychological zero point of 
the scale. 
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A matrix X can be formed of the 
obtained scale values of adverb-ad- 
jective combinations with the scale 
values of the unmodified form of the 
adjective as the first row, the adverb 
subscript denoting the row, and the 
adjective subscript denoting the col- 
ùmn. The plot of any row of this 
matrix, say, į, against any other row 
I should be linear; its slope is c;/cr. 
Correspondingly, any column j plotted 
against any other column J should 
also give a linear relation with slope 
s;/sy. If the scale value of the un- 
modified adjective is also included, it 
may be thought of as simply s; + K, 
and the multiplying value of the ad- 
verb in this case may be said to be 
unity. This additional assumption 
enables us to find the absolute value 
of the, c; because the slope then be- 
comes c;/1. It is then possible to 
work back, substituting the values of 
the c; thus obtained to arrive at least- 
squares estimates of s; and K. If 
such a matrix is formed and is found 
to be of the form indicated, then the 
model may be said to have been up- 
held. 


EXPERIMENTAL PROCEDURE AND 
METHOD OF ANALYSIS 


Constructing the Questionnaire , 


The model was to be tested using all com- 
binations of the nine adverbs and fifteen ad- 
jectives listed in Table 1 plus the unmodified 
adjectives. Accordingly, a two-part ques- 
tionnaire was constructed to secure responses 
to the stimuli. Part I consisted of these 150 
combinations, fifteen of which were repeated, 
and 39 filler items, which were adjectives pre- 
ceded by two of the adverbs, e.g., “very 
slightly admirable.” Thus there was a total 
of 204 stimuli. Table 1 also gives the fre- 
quency of usage ratings of the words used. 
It can be seen that all are quite common. 

The careful choice of the experimental defi- 
nitions of any theoretical construct is felt to 
be of extreme importance, whether a simple 
mathematical model such as the present one 
or some more general theory is being tested. 
In fact, one may speculate on the possibility 


TABLE 1 
Frequency Ratincs or Worps Usnp ix 
COMBINATIONS 
Fre- 
Adverb Adjective Baut 
Slightly Evil 504+ 
Somewhat Wicked 36 
Rather Contemptible 4 
Pretty> Immoral 2 
Quite Disgust (ing) | 21 
Decidedly Bad 100+- 
Unusually Inferior 19 
Very Ordinary 50+ 
Extremely Average 504- 
Nice 100+ 
Good 100+ 
Pleasant 100+ 
Charming 31 
Admirable 10 
Lovable 3 


à Frequency per million running words as given in 
Thorndike-Lorge frequency count (1944). Frequency 
of words occurring 50-99 and 100 or more times per 
million are given only as 50+ and 100+, respectively. 

» Frequency of the quantitative adverbial meaning. 


of many potentially worthwhile formulations 
being abandoned because of failure to make 
the best possible choices at just this point. 
Consequently, considerable care was used in 
selecting the words to be included in the 
study since it was felt that only the true, 
dimensionless intensive adverbs could be 
classified with any degree of confidence as 
multipliers, and it appeared wise at this early 
stage to limit the adjectives to a single dimen- 
sion of connotation. “There are undoubtedly 
other adverbs that could have been substi- 
tuted for those used. “Highly,” “moder- 
ately,” and “fairly” come to mind and there 


„are undoubtedly numerous adjectives that 


would have served. The adverbs actually 
chosen were selected because they are essenti- 
ally “dimensionless,” purely quantitative in 
their usage. “Unusually” is a possible ex- 
ception to this, but it was the experimenter's 
belief that the connotation of rarity which 
this word seems to imply is becoming lost in 
many contexts and thus would not constitute 
a complication. ‘‘Completely,” on the other 
hand, was rejected because of its implication 
of fullness, entirety, and conclusiveness. _ 
The adjectives were chosen on the basis of 
their having little in the way of connotations 
other than the evaluative. The adjectives 
used are not completely free of other connota- 
tions, but they were felt to be relatively pure 
in this respect. 
2 
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The reader who has inspected the list of 
words may be dismayed at the thought of 
rating combinations such as “extremely aver- 
age" or “slightly ordinary.” These combina- 
tions were only hesitantly included, but the 
completeness of the experiment won out over 
good usage. We may anticipate later discus- 
sion somewhat and report that these two ad- 


jectives turned out to have s values very 
to zero, This may be the reason for t 
words sounding so odd when modified, si 
there is no good reason to try to stretch 
multiply anything which is nearly zero. 
The stimuli were arranged in random order, 
subject to the restriction that, except for the 
filler items, neither the same adjective nor the 


The zost important means of human communication is by means of voris, 
and yet Little of a scientific nature 1a known about how people go about 
using and interpreting them. This experiment is an attempt to find out 
about one aspect of this problemn. 


To imply favorable or unfavorable opinions about people, zany different 
words and phrases are used, depending not only on the specific context or 
situation, but also om the degree of the juigzent. It is the way in which 
these different degrees are communicated vhich interesto us in this experi- 
zent, e 
How favorable vould you feel this vast If you t that it implied a medium 
decree of favorableness, you vould put a cross in the tox labeled 3, aa in- 
dicated in the following marked sample item. 


oe’ Si 

Now imagine that you vere to see someone described as "Mediocre." If 
you thought this indd@ated a mildly unfavorable description, you would put 
Yous cross in the box labeled -1, as indicated in the folloving example. 


Most 


Most 
Unfavorable 


Neutral Favorable 


+ + E 
_ pppAROQIQO 
aneko: this booklet you will find vords and phrases printed on the 

left side of the page. You are to imagine that, in your reading, they have 


Mediocre 


that you are to make your judgments. 


Fic. i. Directions to the rating scale section, 


R 


—- 4 
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TABLE 2 
Smucu Scuro sy Bors Puszo Comrans- 


good 
Somewhat admirable 
Average 


——_.__ 


same adverb could be used in successive items. 
‘The subjects rated the stimuli on an eleven: 
point scale, from most unfavorable through 
neutral to most favorable. The subject's 
task was made more concrete by emphasizing 
in the directions that the stimuli were all to be 
fated in terms of how the subject would ister- 
pret them on reading and that they were all 
to be applied to people. The important parts 
of the directions, including example items, 
may be seen in Fig. 1. 

« Two forms of the questionnaire were used. 
Their only difference was a simple permuta- 
tion of items, Le., Items 1 through 102 # 
Form A were made Items 103 t oat 
Form B, and Items 103 through 204 of Form 
A were made Items 1 through 102 of Form B. 

Part II was a paired comparison schedule 
using a sample of ten of the combinations, re- 
sulting in 45 paired comparison judgments. 
The combinations used are listed in Table 2. 

The questionnaire was pretested on a group 
of secretaries, clerical assistants, and research 

a at Educational Testing Service and 

found to meet satisfactorily the require- 
ments of comprehensibility and time limits. 

Subjects and Administration 

The subjects used were introductory psy- 
chology students at Wayne State University, 
Princeton University, and Dartmouth College. 
The administration of the questionnaire took 
place during a regular class period, and, except 
for one section of about 40 subjects at Wayne, 
the experimenter personally administered the 
questionnaire. Two hundred and eighteen 
subjects, about half of them men and the 

other half women, were tested at Wayne; 186, 
all male, at Princeton; and 133, all male, at 
Dartmouth. 


A few subjects finished the questionnaire in 
less than 20 minutes, about half in 35 minutes, 
and only one failed to complete it during the 
fifty-minute period. There were no evidences 
of lack of understanding of the task on the 
part of the subjects during the administration. 

The completed questionnaires were exam- 
+ : 


wale, and contrariwise. At Wayne, nine 


differences in the individuals given the forms, 
so responses to Forms A and B were pooled. 
school, however, were 

subsequent 


Methods of Deriving Psychophysical 
Scale Values 


The testing of the main hypothesis was to be 


the between 
carping i eee tit bey, 
given stimuli A, B, C, the stimuli have 
oe ` 
ETN 
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order such as A > B > C, and the distances 
between all pairs of stimuli are consistent. 
In this example, this consistency of distances 
would imply 


AB + BC = AC 


|. The property of additivity of distances be- 
tween points is a necessary, although not a 
sufficient, property of a ratio scale. Accord- 
ingly, the use of the law of comparative judg- 
ments to arrive at scale values appeared de- 
sirable, assuming that subjects will measure 
distances between magnitudes in the same 
way they measure the magnitudes themselves. 
The method of paired comparisons, however, 
would have involved a completely impractical 
number of judgments with the number of 
stimuli necessary for the present study. For- 
tunately, the method of successive intervals 
has been found to result in scale values which 
are linearly related to comparative judgment 
scale values (Saffir, 1937), so this was decided 
upon as the scaling method to be used; there- 
fore, the main part of the questionnaire was 
constructed as a rating scale. It should be 
noted that some method such as assigning 
scale values by simply averaging the ratings 
given by the subjects would not generally be 
satisfactory in deriving the equivalent of a 
comparative judgment scale. It would be so 
only if successive intervals scaling would result 
in intervals of equal size. This is not usually 
found to be even approximately true. 

The short paired comparison section of the 
questionnaire was included for the purpose of 
verifying that the comparative judgment and 
successive intervals scale values of the stimuli 
a in this study actually were linearly re- 

ted. 

In deriving the succéssive intervals scale 
values, the theory and procedure of Diede- 
rich, Messick, and Tucker (1957) were fol- 
lowed, utilizing the punched card procedure 
described by Messick, Tucker, and Garrison 
(1955), with slight modifications. The final 
iteration in the successive intervals solution 
was performed on the IBM Card Programmed 
Calculator at Princeton's Forrestal Research 
Center. The paired comparison scale values 
were hand calculated using Gulliksen’s in- 
complete data solution (1956a). 


The Matrix Solution for the Adverb 
and Adjective Values 


The method of fitting slopes and intercepts 
suggested by the linear relation of the scale 
values of the combinations to those of the 
unmodified adjectives furnishes an adequate 
test of the model, but it is quite sensitive to 


ye 
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errors of measurement of the scale values of 
the unmodified adjectives. Consequently, 
a matrix solution which utilizes all the inter- 
relations of the scale values was derived. 

Insofar as the formulation is correct, the X 
matrix described earlier can be represented as 
the product of two matrices, C and S: 


X =CS 
If there are k adverbs, C will bea k + 1 by 2 


matrix; its first column will contain the “mul- _ 


tiplying values” of the adverbs, including a 
value of unity in the first row as the “multiply 
ing value” of the unmodified form of the ad- 
jectives, and its second column will be a con- 
stant value of unity. Correspondingly, if 
there are m adjectives, S will be a 2 by n 
matrix with the psychological or algebraic 
scale values of the adjectives as its first row 
and the constant K as the second. Givena 
data matrix X, approximations to C and S, 
Cand $, respectively, can be found. The de- 
gree to which Cand $ reproduce X and have 
the hypothesized characteristics indicates the 
degree to which the data support the model. 

The determination of C and $ takes place 
as follows. Utilizing factor analytic tech- 
niques, rank-two matrices P and Q are deter- 
mined such that X = PQ within as close an 
approximation as possible. Then trans- 
formations T and T~ are found which give 
least-squares approximations to C and S, 
respectively : 

PT =C 
TQ =$ 
X=C$ 
In order to find T and T~, T, the second 
column of T, is computed, using the following 
formula :5 
= pinky. 4P)-1p’ 
T: fates (P'P)—P’(1) 


where 
k 
4 E (cis — ĉia)? 
Se = t=1 
Lez 
i=l 
and may be computed by the formula 


1 — ge = FP P)P 1) 


© In the formulae, the expression (1) means — 


a column vector consisting entirely of 1's and 
[1] means a row vector of the same type. 
They act as summators over columns and 
rows respectively. 
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The second row of T, (Th le computed 
using the similar expression 


n K a 
(Th = => UW ON 
in which 


I (y = Iu)’ 
Ú- 


Zi? 
m 


and may be computed by means of the for- 
mula 


1 — és = = UW (QOO) 


The remaining elements of T and T= can be 
found by utilizing the relationship between 
the elements of a transformation matrix and 
those of its inverse and the additional restric- 
tion that ca, the “multiplying value” when 
the adjective is unmodified, is unity. A 
proof of these formulae and a more detailed 
discussion of their properties is given in an 
unpublished manuscript by the present 
author,* 


RESULTS 
Scale Characteristics of the Data 


The first observation to become 
apparent from the data was the high 
degree of unanimity of the judgments. 
The common practice in scaling ex- 
periments is to give zero weights to 
normal deviates based on proportions 
less than .05 and greater than .95. 
In the present case this would have re- 
sulted in a very drastic reduction in 
the amount of usable information. 
Accordingly, proportion limits of .028 
and .972 for Wayne, .027 and .973 for 
Princeton, and .023 and .977 for Dart- 
mouth were set. The variation in 
these limits is due to the different Ns 
for the three samples; there was also 
some small variation in p within 
schools as N fluctuates slightly due to 
omissions. These proportions corre- 
spond to Muller-Urban weights of 


*N. Cliff. Factoring rectangular matrices 
into theoretical components. Unpublished 
manuscript. 


about .13, roughly one-fifth of the 
maximum. 

Even with these somewhat liberal- 
ized limits the number of usable pro- 
portions was much smaller than the 
maximum possible. For the 204 
items and cleven categories of the suc- 
cessive intervals section, there could 
be 2040 usable proportions. The 
numbers which remained after apply- 
ing the limits described were: Wayne, 
845; Princeton, 678; Dartmouth, 760. 
Since 416 parameters were to be 
fitted for each school, this leaves 429, 
262, and 344 degrees of freedom, 
respectively. 

Similar consistency of judgments 
was found for the paired comparisons. 
Upon tabulating the data it was found 
that the comparison “average-unusu- 
ally pleasant” had been omitted 
through a clercial error, so that only 
44 different compari were made 
by the subjects. Of these 44, only 22 
fell within the proportion limits in the © 
Wayne data, 19 in the Dartmouth 
data, and 15 in the Princeton data. 

Two earlier studies, Mosier’s (1941) 
and that of Jones and Thurstone 
(1955), had shown that it was possible 
to scale verbal material by successive 
intervals provided care was used in 
selecting unambiguous stimuli. The 
successive intervals model appeared 
to be adequate for the present data, 
but the computational method used 
does not furnish direct evidence of 
this. However, successive intervals 
scaling may be considered a simul- 
taneous normalization of the distribu- 
tion of responses to each stimulus. 
Since the first two moments of these 
response distributions are fitted to the 
data, the fit must be quite good except 
in cases where the distributions have 
more than one mode, have no distinct 
mode, or have skewnesses opposite in 
sign to those of other stimuli with 
about the same mean. Of these, bi- 


Re ia 
w: 


34 Norman CLIFF 
TABLE 3 
SCALE VALUES OF CATEGORY BOUNDARIES 
Boundary 1 2 3 4 5 6 7 8 9 10 
Sample 
Wayne 37 <tr PAS | LAG | 1S7 11225 1258 12921 331 | 3.72 
Princeton » .57 89 | 1.18 | 1.48 | 1.92 | 2.29 | 2.64 | 2.95 | 3.28 | 3.68 
Dartmouth 45 83 | 146 | 1.43 | 1:81 | 2.24 | 2.59 | 2.92 | 3.32 | 3.76 


modality generally has the most seri- 
ous effect. The distributions of re- 
sponses to the stimuli used in the 
present study did not display any of 
these defects to any important extent. 

The scale values of the category 
boundaries are given in Table 3, 
where it can be seen that they were 
not found to be equally spaced. This 
indicates that positive verification of 
our hypothetical model, if observed, 
could not also have been found using 
simple averages of the ratings of the 
stimuli. 

Jones and Thurstone, in comparing 
their results to those of Mosier, ob- 
served that the distance between cate- 
gory boundaries may depend in part 
on the directions given the subjects. 
It is usually found in successive inter- 
vals scaling that the longest intervals 
are found at the ends of the scale and 
that they become shorter as the center 
is approached. In both Mosier’s 
study and the present one, one of the 
middle categories was also found to be 
long. Jones and Thurstone, in dis- 
cussing Mosier’s results, contended 
that this may be due to the directions 
which call attention to the fact that 
there are “favorable” and ‘“‘unfavor- 
able? words and phrases and that 
these are to be rated on the right and 
left halves of the scale, respectively. 
Their own directions did not do this 
and they did’ not find a long middle 
category. This contention seems to 
be borne out here in that the direc- 
tions did call attention to the favor- 


ableness or unfavorableness of the - 


combinations (see Fig. 1), and, as 
shown in Table 3, a middle category 
did turn out to be long, although in the 
Princeton group the long category was 
the fifth or —1 category rather than 
the neutral one. 

The fit of scale values to the paired 
comparison data was also close. 
Given in Table 4, along with the final 
scale values of the paired comparison 
stimuli, are the error terms Æ for these 
stimuli, and the number of compari- 
sons falling within the proportion 
limits is given as W. The E is the 
standard error of estimating only 
those obtained normal deviates which 
fell within the prescribed limits from 
the derived scale values of the stimuli. 
The E are reasonably small. 


Reproducibility of the Data 


~ As mentioned earlier, fifteen of the 
combinations were included twice to 


TABLE 4 
SCALE VALUES OF PAIRED COMPARISON 
STIMULI 
i Prince- Dart- 
Stimulus Wayne +e mouth 
Extremely nice 2.739 3.219 3,154 
Unusually pleasant 2.087) 2,988 2,904 
Pretty good 1.458 1.988 1.940 
Somewhat admirable 1.495 1.783 2.025 
Average 400| —,037 +278 
Quite ordinary «025| —.761 —.030 
Slightly immoral 1.291) —1.425 —.841 
Rather contemptible | —1.687| —2.371 1.598 
Very inferior 1.767| —2.616 1.841 
Decidedly bad —2.195| —2.866 1,937 
Ww 22 15 19 

E .210 124 +145 
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TABLE 5 


CORRELATIONS BETWEEN Scare VALUES 
or Sets or 15 REPEATED ITEMS 


r Error of Sul 

| stitution 
Wayne 9991 039 
Princeton 9987 .055 
Dartmouth .9991 041 


form a basis for estimating the relia- 


bility of the ratings. The members 
of each of these pairs were randomly 
put into two groups and the scale 
values correlated. The resulting co- 
efficients are given in Table 5, and, 
since all three are about .999, the reli- 
ability of the judgments is shown to 
be very high. The 150 scale values 
from each school which were to be 
used in subsequent analyses were also 
correlated among the three schools to 
get a measure of their comparability 
across the samples. From Table 6, 
they can be seen to range from .993 to 
.998, indicating the high degree of 
agreement to be expected among quite 
comparable groups of subjects. 
These coefficients, however, tend to 
be somewhat smaller than the 
reliabilities. 

The intercorrelations among’schools 
of the paired comparison scale values 
are given in Table 7. These are seen 
to be about .99 and quite comparable 
to the corresponding coefficients given 
in Table 6 for the successive intervals. 
Since the stimuli used for the paired 
comparisons were also included in the 


TABLE 6 


INTERCORRELATIONS OF 150 ScaLE VALUES 
TO BE USED IN TESTING MULTIPLICATIVE 


CoMBINATION 
Princeton | Dartmouth 
Wayne .993 996 
Princeton -998 


TABLE 7 


BETWEEN-GROUP INTERCORRELATIONS OF 
Paren Comparison Scace VALUES 


| Princeton Dartmouth 


-989 991 
— 999 


Wayne 
Princeton 


successive intervals questionnaire, it 
was possible to compare the values ob- 
tained by the two methods. The cor- 
relations thus obtained are given in 
Table 8, and they too are .99 or larger, 
indicating that similar processes were 
being used by the subjects by the two 
means and that there is an almost 
perfect linear relation between the 
successive intervals and paired com- 
parison scale values. 


Testing the Model 


The three sets of successive intervals 
scale values shown in Table 9 were 
those to be used to test the model. 
The reader may be interested to note 
by inspecting columns of the table 
that the effect of the adverbs on most 
of the adjectives is quite marked. © 
The difference between the scale value 
of an adjective modified by “slightly” 
and the same adjective modified by 
“extremely” is usually almost one- 
fourth of the length of the entire scale. 
“Ordinary” and “average,” on the 
other hand, remain quite stable, al- 
though there is a noticeable tendency 
for them to move slightly toward the 


TABLE 8 


CorRELATIONS BETWEEN PAIRED 
COMPARISON AND SUCCESSIVE 
INTERVAL SCALE VALUES 
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negative with the more extreme 
adverbs. 

A preliminary check on the model 
was made by plotting xe, the scale 
values of the unmodified adjectives, 
against x,y, those of the adjectives in 
combination with some particular ad- 
verb. These were satisfactorily lin- 
ear, although there was a tendency 
for the scale values to bunch at the 
ends of the scale when the adjectives 
were paired with extreme adverbs. 

The next step in the analysis was 
the determination of the rank of X 
and finding the matrices P and Q. 
This was done by multiplying 


XX'=R 


and obtaining the two largest factors 
of R by an adaptation of the principal 
components method to obtain P. Q 
was computed by premultiplying X 
by the matrix of latent vectors of P’. 

The size of the first two latent roots 
(sum of squares of factor loadings) 
indicates the degree to which X can be 
approximated by the product of two 
rank-two matrices. Itis a fundamen- 
tal theorem of factor analysis (Eckart 
and Young, 1936) that the sum of the 
diagonal elements of R, its “trace,” 
which is also the sum of the squares of 
elements of X, is the sum of the latent 
roots of R. These roots must all be 
positive or zero. Therefore, the sum 
of the first two roots can be compared 
to the trace to see how nearly the sum 
of squares of the x,; can be accounted 
for by the first two orthogonal com- 
ponents. Table 10 lists the two 
largest roots of each of the three 
matrices and the percentage of the 
trace accounted for by them. Since 
all of the percentages are greater than 
99.9, X can be very closely approxi- 
mated using only two factors in P and 
Q, as was hypothesized. 

The sum of squares of differences 
between theoretical and obtained xj; 


TABLE 10 
Latexr Roots or XX" 


is equal to the figure given in Table 
10 as the residual trace of the R mat- 
rices after extracting the two factors. 
The standard error of substitution of 
the theoretical for the obtained scale 
values of the 150 combinations is then 


for Wayne. These values are seen 
to be only slightly larger than the cor- 
responding figures given in Table 5 
as the errors of substitution resulting 
from substituting the scale values of 
one set of repeated items for the other. 
Thus, there seems to be only a small 
amount of reliable variance which is 
not accounted for by the two factors. 

Next, the transformations T and 
T- were determined for each sample 
and applied to the P and Q matrices 
to determine Ô and $. The ĉ and $ 
matrices for each group are given in 
Tables 11, 12, and 13. 

The goodness of the fit of the data 
to the model is indicated by the de- 
gree of conformity of the obtained C 
and § matrices to the hypothesized 
ones. If the model is to be ideally 
verified, then not only must there be 
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TABLE 11 
WAYNE ADVERB VALUES MATRIX Ĉ anp Apyective VaLues Matrix 3 


Adverb 


(Unmodified) 1.000 
Slightly 555 
Somewhat 685 
Rather 846 
Pretty 935 
Quite 1.042 
Decidedly 1.216 
Unusually 1.291 
Very 1.317 
Extremely 1.593 


Evil —1.246 |. 2.082 
Wicked —1.158 1.952 
Contemptible —.913 1.746 
Immoral —1.177 1.936 
Disgusting —.806 1.617 
Bad —1.025 2.032 
Inferior —.813 2.008 
Ordinary —.078 2.083 
Average —.040 2.121 
Nice 1.007 1.742 
Good 1,078 1.752 
Pleasant 1.001 1.835 
Charming .802 2.136 
Admirable 983 2.001 
Lovable 836 2.173 


only two factors, but the second col- 
umn of C must contain all unities and 
the second row of § must be a constant 
value K,,which is to be remembered to 
be the difference between the arbitrary 
zero point of the scale values and the 


partures from these constant values 
indicate the degree to which the data 
g confirm the model. Examina- 

of the tables shows that the fit 
was excellent for the adverb matrices, 
but that for the adjectives, while 


“true” psychological zero point. De- good, was noticeably less exact. The 
TABLE 12 
PRINCETON ADVERB VALUES MATRIX Ĉ AND ADJECTIVE VALUES MATRIX 8’ 
fol & 

Adverb a 1 Adjective Sj K 
(Unmodified) 1.000 991 Evil —.989 1.918 
Slightly -538 1.003 Wicked —.951 1.848 
Somewhat 662 995 Contemptible —.826 1,749 
Rather 843 1,016 Immoral —.931 1.878 
Pretty 878 -992 Disgusting —.801 1.621 
Quite 1.047 .991 Bad —.972 2.051 
Decidedly 1.165 .992 Inferior —.923 2.077 
Unusually 1.281 1.010 Ordinary —.253 2.100 
Very 1.254 1.002 Average —.296 2.254 
Extremely 1.446 1.006 Nice 984 1.842 

Good 1.158 1.777 
Pleasant 1.050 1,856 
Charming 895 2.116 
Admirable 1.170 1.892 
Lovable .912 2.108 


Apverss AS MuLtIPLIERS 39 


TABLE 13 
Dartuourtn Apvers VaLues Matrix C axb Apyective VaLues Matrix $ 


Adverbs 


(Unmodified) 
Slightly 
Somewhat 
Rather 
Pretty 

Quite 
Decidedly 
Unusually 


Extremely 


standard deviation from the theoreti- 
cally constant values of 1.000 for the 
second column of @ are of the er 
.01, while the standard devian of 
the theoretically constant K in the 
second column of the S’ tables are of 
the order .16 (for convenience, $ is 
presented as §’ in the tables). All 
three groups gave highly equivalent 
results. 

The multiplying values of the ad- 
verbs are given in the first rows of the 

matrices. They are seen to vary 
from about .5 to 1.5. The actual 
values obtained from the three sets of 
data vary somewhat, but in general 
are quite comparable. In compari- 
son to the unmodified form of the ad- 
jectives, combinations with “slightly” 
and “somewhat” have the smallest 
intensities, the multiplying values for 
these adverbs being considerably less 
than unity. Combinations with 
“rather” and “pretty” are also less 
extreme than the unmodified form but 
are much nearer to it; “quite” makes 
adjectives just slightly more extreme, 
while “decidedly” has a definite effect ; 


Contemptible 
Immoral 


Disgusting 1.715 
Bad 

Inferior 2.037 
Ordinary 2.182 
Average 2.195 
Nice 1.739 
Good 1.761 
Pleasant 1.860 
Charming 2.013 
Admirable 1.892 
Lovable 2.207 


“very” and “unusually” are close to- 
gether and stronger than “decidedly”; 
“extremely” is by far the most effec- 
tive of the intensives included in the 
list. The values obtained in the ex- 
periment seem to agree with subjective 
impressions of how they are used. 

The s; values derived for the ad- 
jectives correspond closely to expecta- 
tion. Those for the seven adjectives 
which could be termed definitely un- 
favorable are relatively large negative 
numbers, while those for the six favor- 
able adjectives are large positive num- 
bers about equal in absolute value to 
the s; of the unfavorable words. 
“Ordinary” and “average” have s; 
near zero but on the negative side. 
This reflects the stability observed in 
their scale values and, as observed 
earlier, perhaps offers an explanation 
of why these adjectives sound peculiar 
when modified. 

In one respect, however, the results 
for the adjectives cannot be consid- 
ered quite as neat as those for the ad- 
verbs: the theoretically constant sec- 
ond columns of the S’ matrices (the K 
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values) are somewhat variable. The 
departures from a theoretically con- 
stant value might at first thought be 
dismissed as random errors of meas- 
urement, but two things in addition to 
their magnitude argue against this. 
First, the entries in the K columns of 
the 5’ show some consistency across 
the three groups. Note, for example, 
that the K for “disgusting” is the 
smallest in all three cases; also, ‘‘or- 
dinary” and “average” have among 
the highest entries in each of the three 
groups. The correlations of these 
values over adjectives among the 
three groups bear this out. As can 
be seen from Table 14, they are ap- 
preciable. Such high correlations 
would hardly be expected if the vari- 
ation in K were a random error of 
measurement. 

The lack of correspondence between 
data and theory in respect to the K 
values is also shown in comparing the 
s; entries of the §’ matrices to the 
scale values of the unmodified ad- 
jectives given in the first rows of the X 
matrices. According to the theory, 
these scale values should be simply 
s; + K within, say, an error compar- 
able to that indicated by the reliabil- 
ity measure. Examination of the two 
sets of numbers shows that this will 
not be the case, for, if we subtract the 
mean of the K from the voj, the result- 
ing numbers differ somewhat from the 
corresponding sj. 

The fairly small but consistent 
variation observed in the K is felt by 


TABLE 14 


INTERCORRELATIONS OF VALUES OF K 
OBTAINED FOR ADJECTIVES 


Princeton | Dartmouth 
Wayne -890 846 
Princeton 896 


the author to be the only important 
departure from the model and requires 
some attempt at explanation. The 
possibility of a computational artifact 
can be ruled out. The matrix solu- 
tion fits the data to the model in the 
least-squares sense, so that the vari- 
ance of the Ks has been made as small 
as possible. 

Several possible explanations of the 
variation present themselves. First, 
it may be that it is an artifact of the 
scaling task itself or perhaps even of 
the method of successive intervals. 
Detailed examination of the data re- 
vealed that, for the most part, the 
lack of fit results from failure of the 
extreme combinations to be pushed 
out as far as one would expect from 
the model. This could result from the 
subjects rating relatively moderate 
combinations near the ends of the 
scale and then not having any means 
of rating the really extreme ones any 
farther out. A more flexible means of 
securing the judgments than using 
printed questionnaires should remedy 
this. Alternatively, the successive 
intervals solution used, while it has 
many advantages, may be sensitive to 
the fact that the judgments used here 
were very consistent over subjects, so 
that the data were highly “incom- 
plete.” If this resulted in underesti- 
mating the discriminal dispersions of 


-the extreme combinations, then the 


result could be the pulling in of the 
ends of the scale as was observed. 
The use of the method on artificial 
data having the required characteris- 
tics is required to investigate this 
possibility, however. 

Another possible explanation lies 
in the fact that the model used here is 
based on the properties of Euclidean 
vector spaces. It may be that the 
properties of the space with which we 
are dealing here are only approxi- 
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mately those of the Euclidean type. 
This possibility would introduce many 
complications, both theoretical and 
practical, however. 

Perhaps the simplest explanation of 
the variation in the K is that, con- 
trary to assumption, each of the ad- 
jectives has its own zero point rather 
than there being a common one for 
all the adjectives. In this case the 
basic formula would become 


Xy = CS; + Ki 


Here K; represents the distance from 
the arbitrary zero point to the psy- 
chological zero point of the adjective. 
This explanation has the advantage 
of fitting the available data without 
requiring further experimentation, but 
the author, at least, is reluctant to 
settle on it at this point because it 
detracts from the simplicity of the 
model. 


CONCLUSIONS AND IMPLICATIONS 


The data and discussion of the pre- 
vious section were presented as argu- 
ments in favor of the hypothesis that 
adverbs and adjectives of specifiable 
types combine according to a multi- 
plicative rule. The consistent dis- 
crepancies between data and theory 
are felt to be small enough to warrant 
the acceptance of the hypothesis, at 
least as a good approximation. 

Using the results of this study as a 
base, there are further lines of research 
which would seem to bear promise of 
broadening the applicability of the 
hypothesis. The first of these is the 
expansion of it to other dimensions. 
If one were to define an abstract di- 
mension of communicated size, would 
“very small” be “very” times 
“small”? The subjective impression 
of the way the words combine is the 
same as in the evaluative dimension: 
“very small” is smaller than “small” 


and “very large’ is .larger than 
“large,” and so on. This particular 
example is especially interesting be- 
cause of the implication that there are 
positive and negative quantities of 
size whereas, physically, size is a 
positive quantity. It may be that the 
intensive adverbs would have the 
same multiplying value in all dimen- 
sions. This is intuitively the most 
satisfactory way of conceptualizing 
the relationship, but one might find 
that they would have different multi- 
plying values in different dimensions 
even though their action were multi- 
plicative. 

Investigation might also be fruitful 
into the application of the multiplica- 
tive rule to combinations other than 
those containing the common intens- 
ive adverbs. Brunot (1922), in his 
attempt to redefine the grammatical 
classifications of French, speaks of a 
general class of expressions of degree. 
It might be that the English equival- 
ents of most of all of the expressions 
he includes there would act in this 
way. Itis, of course, very important 
to extend the findings for English to 
other languages. While it may be 
that the rules of combination might 
be different for languages with a 
structure other than that of English, 
some similar type of quantitative ab- 
straction might easily hold.’ 

Combinatory rules other than the 
one forming the basis of this investiga- 
tion can perhaps also be found for 
other types of combinations in Eng- 
lihs. For instance, adjective-noun 
combinations usually have characteris- 
tics of both the adjective and the 
noun, so the rule for them might be 
some form of addition. A combina- 


7 Harold Gulliksen, of Princeton University, 
is currently gathering data from several Euro- 
pean countries to see whether translations of 
the words used here combine in the same way 
in other languages. 


42 Norman CLIFF 


tion of adjectives might also act ia 
this way.® 

Extending the search for combin- 
atory rules to various dimensions, 
languages, and parts of speech, then, 
seems from the results of this study to 
hold out a hope for a fairly thorough 
formal representation of how the emo- 
tive aspects of language are communi- 
cated. Finding such rules requires 
fairly exact formulation of them be- 
fore undertaking experimentation. 
Also, it is necessary to have measuring 
instruments which give data accurate 
enough to show whether or not the 
theories hold, and the nature of de- 
partures”from the theory when it is 
shown to be a good general statement. 
The method of successive intervals 
seems from the present results to be 
such a method. 

„The results of this study also have 
relevance to the general problem of 
psychological measurement. In gen- 
eral, measurement may be said to be 
the process of relating observables to 
some ordering system. The field of 
real numbers is considered the ideal 
ordering system, since it is possible to 
perform operations on it and show re- 
lations with it which are not possible 
using other systems. However, it is 
usually not possible to justify treating 
measured quantities as completely iso- 
morphic with the real numbers; there- 
fore, various of the real number axioms 
are relaxed or termed inadmissible in 
order to prevent the appearance of 
nonsensical theoretical results in con- 
structing scales. This lack of iso- 


è Analysis of the filler items in the question- 
naire, accomplished since the preparation of 
this manuscript, indicates strongly that “ver y, 
very” is “very-squared.” Combinations 
which contain two different adverbs, eg: 
“very slightly admirable,” seem to operate by 
having the two adverbs combine exponenti- 
ally: “slightly” to the “very” power, but data 
on the latter rule are not clear-cut. _ 


morphism has been especially true of 
psychological data, so types of scales 
are differentiated on the basis o 
which of the axioms are altered of 
relaxed. The distinctions made b y 
Stevens (1951, Ch. I) and elaborate 
in some respects by Coombs (1951) 
are examples of the recognition of such 
disparities. As a result, certain ope 
ations such as addition or division are 
termed inadmissible, weak ordering 
substituted for strong, and so om, 
Weitzenhoffer (1951) presents a co 
gent discussion of the algebraic axioms 
in relation to psychological data. 

It is felt that the data quantities of 
this study represent an unusually close 
approximation to the real numbers, 


d 


requires both a zero point and a unit 
of measurement. Ina very real sense, 
“extremely good” may be said to be 
about one-and-a-half times as good as 
“good.” The multiplication seems 
to be of the scalar type since the ad- 
jectives represent the same kind of 
meaning whether modified or not. 
Note that this might not have been 
found to be the case had more ‘‘mean- 
ingful’” adverbs such as “ridicul- 
ously,” “‘sinisterly,” or “constantly” 

been used. 

The zero point on the scale seems, 
for practical purposes, to be slightly 
above™ the adjective “average” for 
these groups. A dimensional unit, 
analogous to foot or hour, may be set 
at any convenient point, whereupon 
all the scale values, representing de- 
grees of favorableness or unfavorable- 
ness, are to be expressed”as multiples 
of this point. 

This discussion of zero points and — 
units may be premature, especially it 
view of the possibility that each ad- 
jective has its own scale, but the evi- 
dence presented here makes it seem 
not unreasonable. If further expert 
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mental work verifies the present 
findings in the most important aspects 
but shows that each adjective does 
indeed have its own zero point, then 
the discussion of zero points and scale 
units would have to be made specific 
to the adjective. Perhaps the adjec- 
tive “modified” by the prefix non- 
or a- (not the negatives un- or im-) 
would then be the zero point and the 
dimensional units would have to be 
expressed in terms of good-ness, 
immoral-ness, and so on. 


SUMMARY 


This study set out to test the hy- 
pothesis that the common adverbs of 
degree multiply the intensity of the 
adjectives they modify. That is, 
there is a number associated with each 
adjective and with each adverb; the 
intensity of each combination is the 
product of the numbers associated 
with the words. It was assumed that 
the relationship should be reflected by 
the psychophysical scale values of ad- 
verb-adjective combinations. Ac- 
cordingly, three groups of subjects 
rated the combinations of nine inten- 
sive adverbs with 15 evaluative adjec- 
tives on the favorable-unfavorable 
dimension. Scale values of the stimuli 
were determined by the method of 
successive intervals. 

The scale values obtained were 
found to be highly reliable, highly com- 
parable between groups, and highly 
correlated with scale values obtained 
by paired comparisons. A matrix 
method was employed to test the hy- 
pothesis of multiplicative combination 
and to determine the adverb and ad- 
jective values. The degree of cor- 
respondence between hypothesis and 
data was found to be very close in all 
three groups. This was evidenced 
by the fact that matrices of scale 
values could be reproduced with a 


high degree of precision using only 
two factors, as was hypothesized, and 
that certain hypothetically constant 
values derived from the data were 
very nearly so. Some consistent dis- 
crepancies between hypothesis and 
data were pointed out. 

The relationship discovered is akin 
to the scalar multiplication of vector 
algebra. A zero point is implied for 
the numbers associated with the ad- 
verbs and those associated with the 
adjectives. Scale units analogous to 
physical units are implied for the ad- 
jective numbers, but the adverb num- 
bers are “unitless”'”scalars. Several 
extensions of this research are sug- 
gested. 
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In 1861, Paul Broca described two 
cases of loss of speech from cerebral 
injury and presented the autopsy find- 
ings before the Anatomical Society of 
Paris. He labeled both cases aphemia, 
which he defined as loss of the faculty 
of articulated speech without impair- 
ment of comprehension or loss of 
intelligence. However, neither the 
medical histories nor the findings 
Broca reported indicate he was dealing 
with such circumscribed impairment. 
Although both brains were extensively 
damaged, as Marie pointed out in his 
critical paper of 1906, Broca ascribed 
loss of speech to lesions in the second 
and third frontal convolutions. 

Nine years later the researches of 
Fritsch and Hitzig in Germany, and 
of Ferrier in England, established the 
existence of a motor cortex in the 
frontal lobe of various mammals (Ful- 
ton, 1938). In 1874, Heschl traced 
the auditory radiations to the temporal 
lobe (Fulton, 1938), and Wernicke 
(1908) described sensory aphasia, 
which he considered to result from 


*This research was done during the 
tenure of a Social Science Research Council 
Faculty Fellowship of the second author. 
Much of the computational work was per- 
formed by Joanne D’Andrea as a research 
assistant employed by funds from a grant- 
in-aid for Behavioral Science Research from 
the Ford Foundation. The administration 
of the aphasia test battery was performed 
by the senior author, Virginia Carroll, 
Barbara Street and Rudy Simmons, members 
of the staff of the Aphasia Clinic of the 
Neurology Section of the Minneapolis VA 
Hospital. 
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temporal lobe lesions. During the 
same period, Munk and Schaefer 
identified the visual cortex in the oc- 
cipital lobe (Fulton, 1938). 

It was then reasoned that there was 
in the frontal lobe a center which 
contained cells in which were stored 
movements used in speaking, and 
another center in which were stored 
movements used in writing. In the 
temporal lobe were cells containing 
images of words heard, and in the 
parieto-occipital cortex were cells con- 
taining images of printed and written 
words. All of these centers were 
connected by fiber tracts. Thus it was 
possible to have a motor or a sensory 
aphasia resulting from destruction of a 
center (central aphasia), or a motor 
or a sensory aphasia resulting from 
destruction of a fiber tract (conduc- 
tion aphasia). 

Bastian (1887), following this tradi- 
tion, believed that damage to the 
auditory word-center resulted in pure 
word deafness, and damage to the 
visual word-center in pure word blind- 
ness. Damage of the glosso-kinaesthetic 
center produced pure aphasia (Broca’s) 
and of the cheirokinaesthetic center, 
agraphia. He described the following 
defects resulting from damage to the 
“commissural fibers” connecting sen- 
sory areas: 


1. Visual-auditory commissures: im- 
pairment of ability to name objects 
and read aloud. 

2. Auditory-visual commissures: im- 
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pairment of ability to write spontane- 
ously and to dictation. 

3. Audio-kinaesthetic commissures: 
Broca’s aphasia, indistinguishable from 
that caused by damage of Broca’s area. 

4. Visual cheirokinaesthetic com- 
missures: impairment of ability to 
visualize forms. 

5. Audito-kinaesthetic commissures: 
impairment of ability to write to 
dictation. 


Bastian’s schema may be taken as 
an example of the many classifications 
constructed by the diagram-makers, 
from Wernicke to the present day. 
They were based on the theory of a 
cortical mosaic, with discrete mental 
faculties residing in the cells of specific 
areas. Although some of the diagrams 
were simpler and others more complex, 
the procedures were the same: the 
diagram was constructed, and the 
symptoms which should result from 
lesions at various sites were deduced. 
Unquestionably the symptoms described 
were observed, but others were inevi- 
tably overlooked, for there was no 
systematic or comprehensive examina- 
tion of patients. A later neurology 
substituted terms such as functions 
represented for faculties contained in 
cells, but, as Gooddy (1956) has 
pointed out, without any real altera- 
tion of the basic concept of cortical 
function. All the schemata presumed 
a motor and a sensory dichotomy, and 
pure aphasias of various forms deter- 
mined by the anatomical sites of the 
lesions. It is interesting to note that 
textbooks, both in neurology and 
general psychology, present aphasia 
in about this fashion even today 
(Alpers, 1954; Brain, 1947; Grinker 
& Bucy, 1949; Morgan, 1956; Munn, 
1951). 

It was not until 1926 that Henry 
Head, a pupil of Hughlings Jackson, 
constructed a series of tests for aphasia 


and systematically administered them 
to 26 aphasic patients with head injuries 
resulting from gunshot wounds incurred 
in World War I. Intensive clinical 
study of these patients led him to 
consider aphasia a defect of symbolic 
formulation and expression. He rec- 
ognized’ four clinical forms of the 
disorder : 


1. Verbal aphasia, resulting from 
lesions of the pre- and _postcentral 
convolutions: characterized by loss of 
articulated speech, with comprehension 
impaired but recovering rapidly. 

2. Syntactical aphasia, resulting from 
a lesion of the upper temporal con- 
volution: characterized by jargon, 
slurred speech, impairment of rhythm 
and phrasal memory. 

3. Nominal aphasia, resulting from 
lesions in the region of the angular 
gyrus: characterized by loss of power 
to name and want of comprehension of 
the meaning of words. 

4. Semantic aphasia, localized in the 
supramarginal gyrus: characterized 
by disturbance of comprehension of 
significance of words and phrases as a 
whole. 


It is significant that with careful 
study of even a small number of 
patients, the traditional dichotomy be- 
tween motor and sensory aphasia began 
to disappear. Head’s work was limited 
by the fact that only 26 patients were 
studied and that little was generally 
known of objective mental measure- 
ment at this time. His unique method 
of localization cannot be taken seriously. 

In 1935 Weisenberg and McBride 
published a study of 60 aphasic 
patients. This was a more adequate 
study in that the number of subjects 
was larger, controls were used, and 
standardized measurements employed. 
An average of fifteen hours was spent 
examining each patient. The study 
offered substantial evidence that both 
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receptive and expressive processes 
were always disturbed in aphasia, and 
isolated disturbances of single modali- 
ties (agraphia, alexia, acalculia, etc.) 
were not found clinically. Weisen- 
berger and McBride classified the 
patients they observed as follows: 


1. Predominantly expressive. Dis- 
turbances varied from slight defects to 
almost complete loss of expression. 
Receptive processes were impaired, 
although less severely than expressive. 

2. Predominantly receptive. Im- 
pairment of understanding varied from 
slight to severe, but there was never 
an absolute loss. Jargon and para- 
phasia were present, and writing re- 
flected defects found in speech. 

3. Amnesic. Fundamental difficulty 
was evoking words. Receptive proc- 
esses were relatively satisfactory. 

4. Expressive-receptive. Very severe 
limitations were present in all language 
performances. 


Although this study is a landmark 
in the history of aphasia, the system 
of classification adds little to its sig- 
nificance. If both receptive and ex- 
pressive impairment are always present, 
the words become wastebasket terms 
in the context of aphasia. The authors 
limited themselves to a broad general 
classification, which avoided the naivete 
of the early diagram-makers, and some 
of the questionable linguistic assump- 
tions of Head. It was beyond the scope 
of their study to investigate relation- 
ships between observed symptoms, or 
the order of changes in recovery, with- 
out which a reliable classification 
system cannot be established. For 
example, amnesic or nominal defects 
do not show in patients who have no 
speech, but appear as language appears. 
They diminish and disappear in later 
recovery stages, leaving, first syntactical 
defects, and finally a picture much like 


the one Head described for semantic 


aphasia. 

Osgood (1953) has presented a 
psycholinguistic model for aphasia, 
which although more sophisticated, 
repeats the methodology of the nine- 
teenth century diagram makers: the 
model was constructed and deficits 
which should result from interruptions 
of psycholinguistic rather than neuro- 
logical processes were deduced. It 
remains to be determined whether or 
not breakdowns at predicted levels of 
encoding, association, and decoding 
processes can be discriminated clinically 
or shown empirically. If adequate data 
are obtained and found to fit the pro- 
posed conceptual model, two important 
questions still remain. The first is 
whether it may not be premature to 
make inferences regarding levels, and 
relationships between processes at 
specified levels of cerebral function, 
in view of the present limited knowledge 
of neurophysiological organization and 
mechanisms. The second is whether 
or not analyzing aphasic defects in 
terms of disorders of encoding, associa- 
tion, and decoding processes occurring 
at specified levels achieves simplifica- 
tion or clarification of observed symp- 
toms, or has predictive value. On the 
other hand, it is possible that such a 
model, empirically tested, may lead to 
important new insights concerning 
aphasia. 

Goodglass and Mayer (1957) inves- 
tigated the hypothesis, advanced by 
Jakobson and Halle (1956), that there 
are two independent processes oper- 
ating in normal speech, the first rep- 
resented by the use of words to 
symbolize concepts, and the second by 
use of the structural forms of con- 
nected speech. The authors considered 
their results to show that the two 
processes could be differentially im- 
paired in aphasia, and so supported 
Jakobson’s proposal. This conclusion 
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cannot be accepted, however, in the 
absence of careful longitudinal studies. 
Clinical records and experience strongly 
suggest that “non-agrammatic” pa- 
tients often present a more severe 
language disturbance than agrammatic 
patients; that as recovery occurs they 
approximate the agrammatic group; 
that all degrees of difficulty using words 
as names for objects, events, and 
concepts are found in the agrammatic 
group, as well as in the non-agrammatic 
one; and that agrammatic patients do 
employ structural forms. 

In 1948 the establishment of an 
aphasia center at the Minneapolis VA 
Hospital made it possible to study 
large series of patients over extended 
periods of time. Since no method of 
examination existed which was com- 
prehensive enough to yield sufficient 
information or sensitive enough to 
measure changes which occurred with 
recovery, work was begun immediately 
on constructing a test. No assump- 
tions were made about the nature of 
aphasia, and no terms were used which 
were not operationally defined. The 
test was revised from year to year in 
order to eliminate artifacts and explore 
areas considered to need more inves- 
tigation as new insights were gained. 
The Minnesota Test for Differential 
Diagnosis of Aphasia (Schuell, 1955b) 
is now in its sixth revision and is still 
in experimental stage. In Minneapolis 
more than 440 aphasic patients have 
been tested, as well as a series of 
40 patients with no neurological 
involvement. 

At the present time a classification 
system is used which is based upon 
analyses of test patterns of 117 patients 
tested on Forms 3, 4, and 5 of the 
Minnesota Test (Schuell: 1955a, 
1955b, 1957). The diagnostic criteria 
and accompanying prognosis for each 
group may be summarized as follows: 


Group I: Severe impairment of all 
language modalities. Patients in this 
group had no functional speech, read- 
ing, or writing, and all made errors 
pointing to common objects named by 
the examiner. None of them acquired 
functional speech, although they usually 
learned to repeat and to copy, and 
some reactive speech appeared. 

Group II: Impairment of auditory 
processes. Auditory recognition (de- 
fined as ability to point to common 
objects named by the examiner) was 
intact, but auditory retention span and 
auditory recall were impaired; this 
impairment was reflected in defective 
speech, reading, and writing. Errors 
in all modalities correlated with the 
length of stimulus presented or re- 
sponse demanded. Speech, reading, and 
writing improved simultaneously when 
intensive auditory stimulation was 
given, and these patients made excellent 
recovery. 

Group III: Impairment of auditory 
processes with coexisting visual in- 
volvement. Patients in Group III were 
like those in Group II, but in addition 
they showed specific impairment of 
visual recognition and visual recall. 
They confused letters and words with 
similar visual configurations, and 
frequently had difficulty following the 
line and keeping the place. They 
sometimes complained of blurring. Re- 
versals and distortions of letters ap- 
peared on writing, and substitution 
of letters which looked alike, such as 
bdpq, hnur, ft, wm, FE, and PBR, and 
in script ei, el, gyq, bf, and wu, Oral 
spelling tended to exceed written spell- 
ing. All Group III patients had visual 
field defects, but all patients with field 
cuts did not show these symptoms. 
Group III patients recovered speech 
well, but reading and writing improved 
more slowly. Rate remained retarded 
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and small inaccuracies tended to 
persist. 

Group IV: Impairment of auditory 
processes with coexisting sensorimotor 
involvement. These patients did not 
show impairment of auditory recogni- 
tion, but impairment of auditory reten- 
tion span and recall was usually severe. 
They made consistent articulation 
errors, and speech tended to be hesitant 
and laborious as it was acquired. They 
often appeared not to know where the 
tongue was in the mouth, or how to 
move it to a desired position. They 
had difficulty articulating consonants 
requiring complex coordinations and 
consonant blends. Fluency was ac- 
quired slowly. Speech was functional 
as it was acquired, but remained 
limited and defective over long periods. 

Group V: Scattered auditory, visual, 
and motor findings. The severity of 
involvement of each process varied 
from patient to patient, producing 
superficially different clinical pictures. 
Cranial nerve involvement was usually 
present. A good deal of language was 
often retained, in one modality or 
another. In all other groups age and 
etiology were heterogeneous, but all 
Group V patients were over 50, and 
75 per cent were over 60 years of age. 
Eighty-three per cent were hyper- 
tensives who had incurred more than 
one clinical episode; seven per cent 
were arteriosclerotic, and seven per 
cent had incurred severe head injuries. 
It was of course only chance that the 
latter group contained no younger 
patients. Most of these patients were 
emotionally labile, and they tended not 
to be capable of sustained or self- 
directed effort. They were more con- 
cerned about physical problems, such 
as dizziness, headache, and dyspnoea 
than about speech. They usually 
fatigued more readily than other 
aphasic patients. Functional speech 


could be increased or made more 
intelligible in many cases, but only 
limited goals were achieved. 

It is estimated that about 90 per 
cent of the patients who have been 
studied have shown one of these easily 
identifiable clinical patterns. Some 
patients have, of course, been atypical. 
Other patterns which have occurred 
less frequently in the populations 
studied have been recognized clinically, 
but cannot be discriminated by existing 
tests. 

It should be pointed out that this 
classification system is dependent upon 
obtained patterns of impairment rather 
than levels of severity. In all groups 
except the first, patients of mild, 
moderate, and severe aphasic impair- 
ment are found. A system which de- 
pends on pattern rather than level of 
severity has more stability, since after 
physiological conditions have stabilized, 
the pattern can be identified whether 
the patient is seen early or late in the 
recovery period. A practical advantage 
of the classification system is its high 
predictive value, since all new evidence 
obtained has tended to support the 
prognoses initially reported for each 
group (Schuell: 1955a, 1955b, 1956, 
1957). 

It should be noted that the classifica- 
tion system, as it developed from test 
patterns and clinical experience, did 
not lead to identification of types of 
aphasia based on different kinds of 
language deficits. All patients showed 
reduction of auditory retention span, 
impaired word-finding, and impaired 
language formulation. 

Group I patients, who showed the 
most severe losses of all language 
functions, could be taught to repeat 
and to copy, and to produce as many 
as a hundred different words in one 
clinical period by being supplied a 
well-established association, such as 
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bread and ——, meat and ——, table 
and » you sit ina —. For these 
patients, no matter how intensive the 
stimulation and reinforcement, recall 
never became voluntary, so speech re- 
mained nonfunctional. 

For all other patients, auditory 
retention span, available vocabulary, 
and use of the forms and structures of 
connected speech increased simultane- 
ously as recovery occurred, and the 
increase was reflected in reading and 
writing, as well as in speech. 

Some of the superimposed defects, 
such as a paralyzed palate or severe 
visual limitations, were irreversible. 
Others responded well to treatment, 
and the residual disability became less 
and less obvious. Group III patients, 
for example, relearned the visual forms 
of symbols letter by lettter, lower case, 
upper case, printing and script, and 
reading and writing approximated their 
former quality. Rate remained slow, 
however, and tell-tale errors appeared 
when patients were tested to limits 
and large enough samples of perform- 
ances were obtained. Group IV 
patients learned to repeat, and speech 
sounded normally fluent in most of the 
customary interchanges of every day, 
but motor disintegrations could be 
observed when more difficult tasks 
were presented, and in situations of 
stress, 

The upper limit of recovery for 
patients who have experienced a per- 
sisting aphasia is not known. 

Many Group IV patients, when 
initially seen, appeared as severely 
impaired as Group I patients, except 
they did not make errors pointing to 
common objects named by the exam- 
iner. The significance of this small 
difference in pattern is that it enables 
one to predict that one patient will be 
able to use all the language skills he 
regains in a functional manner; another 
will not be able to go beyond repeat- 


ing, copying, and occasional reactive 
responses. 


PROBLEM 


Neither the history of hypothesized 
brain-area-speech-function relation- 
ships nor empirical findings regarding 
types of aphasia appeared to justify 
topological schemes and descriptions. 
On the contrary, the language behavior 
of patients who eventually recovered 
speech seemed to indicate that reported 
aphasic types were largely classifica- 
tions of different amounts of language 
deficit, or classifications of patients at 
different stages of recovery. Such 
clinical impressions, the pragmatic 
success of the classification system, 
and casual inspection of the over-all 
order of difficulty of different tests in 
the Minnesota battery suggested 
strongly that systematic investigation 
of the nature of this language disorder 
might well begin with the most 
elementary hypothesis possible: that 
all aphasias are part of a general 
hierarchy of language deficit. 

This idea is not new. Hughlings 
Jackson considered aphasia impairment 
of propositional speech. He pointed 
out in 1866 that the aphasic patient had 
not lost words, but the ability to use 
words to express meaningful relation- 
ships. Head (1926), influenced by 
Jackson, defined aphasia as impairment 
of symbolic formulation and expres- 
sion, although he still classified patients 
in groups which essentially followed 
old principles of localization. 

It is apparent, of course, that other 
deficits are present in many cases of 
aphasia. Visual and motor deficits, 
hearing loss, and defects of sensation 
are to be expected as frequent con- 
comitants of brain damage. However, 
it was hypothesized that insofar as the 
effects of such damage could be 
screened out or minimized in the tests, 
the language deficit itself would be 
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found to be part of a general hierarchy 
of language behavior, differing only in 
amount (level of hierarchy) from one 
patient to another, 

The clinical justification for this 
hypothesis is as follows. In any 
adequate sample of an aphasic popula- 
tion, patients are found who have 
difficulty executing the movements 
required for speech, and other patients 
who have no such difficulty. Some 
patients are found who have difficulty 
recognizing, reproducing, and recalling 
visual configurations, and others who 
perform normally on tasks of this kind. 
Some patients are disoriented in space, 
and others are not. But whether such 
findings are present or absent, all 
aphasic patients tend to show a re- 
duction of the amount of available 
language which cuts across modalities 
and, if they improve, a certain consist- 
ency of recovery pattern. The present 
hypothesis does not deny the existence 
of various concomitants of brain 
damage which would be expected to 
constitute identifiable factors present 
in aphasic as in other brain-damaged 
populations; it is concerned, however, 
with the nature of the deficit which 
appears to be relatively independent 
of such factors, since it occurs in their 
presence and in their absence. 

Actually, of course, there is no such 
thing as a pure test, or an uncompli- 
cated process, for that matter. Per- 
formance on any test item involves 
present and past states of cortical 
activity and a complexity of incoming 
stimuli, before a response of any kind 
can be organized and executed. Never- 
theless, responses can be compared, 
deviations studied, and useful dimen- 
sions extracted. 


METHOD 
It was decided to use Guttman’s scale 
analysis (1944, 1947, 1950) in order to test 
for the existence of a single hierarchy of 
language functions. If a sizeable number 


of language tests were found to be scalable 
over a wide range of test content and test 
difficulty, and over a heterogeneous collection 
of aphasic patients, this could be considered 
as contributing support to the hypothesis of 
the unidimensionality of language deficit in 
aphasia. 

For those unfamiliar with scale analysis, 
the argument proceeds simply as follows: 
(a) Assume that the language deficit in 
aphasia is a homogeneous deficit varying 
in amount from patient to patient. (b) 
Assume further that performance on most 
simple tests involving language (whether 
they are tests of comprehension, reading, 
writing, or speaking) depends largely on 
the amount of general deficit present. (c) 
Finally, assume that these tests involve 
different amounts of this language com- 
petence; that is, they are spaced along a 
language continuum, in order of difficulty. 

If all these assumptions hold, patients 
with extreme deficit will pass only the 
easiest test, or none at all. Patients with 
less extreme deficit will pass all the easiest 
tests, and some of the next most easy ones. 
Patients with moderate deficit will pass all 
of the easy tests and some of the more 
difficult ones, and so on, In general, as 
less deficit is found, patients will pass all 
the tests passed by patients with more 
deficit, and then the next easiest tests. 

If the tests scale, it becomes possible to 
give the patient a single numerical score 
indicating the degree of severity of the 
language deficit, from which one can tell 
which tests he passed and which he failed. 
Conversely, if the difficulty level of a test 
is known, one can tell which patients 
passed and which patients failed it. These 
are precisely the conditions for high re- 
producibility in the Guttman scale analysis. 
The reproducibility index represents the 
percentage of successful predictions for the 
entire sample of subjects for all the tests 
scaled, when test difficulty and severity of im- 
pairment are known. If the test-subject matrix 
is found to be scalable (that is, if it is about 
90 per cent reproducible), this is compatible 
with the hypothesis of a single dimension of 
language deficit. Ordinarily, when scal- 
ability is found, it is assumed that a unidi- 
mensional continuum exists. If the matrix 
is not scalable, then the hypothesis of a 
single measureable dimension is not tenable 
and other models or descriptions must be 
sought. 

It is readily apparent that if there are 
frequent occurrences of different aphasic 
types, the matrix will not prove to be 
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scalable. A “sensory aphasia” and a “motor 
aphasia” might be at the same severity 
level, but presumably would pass and fail 
quite different tests. This would result in 
a nonreproducible matrix, reflecting diver- 
gent factors influencing test performance. 

Over all, then, it is clear that, if the tests 
(a) include content which would be appro- 
priate to show types if they existed and (b) 
vary in difficulty, and a general sample of 
aphasic patients is used, and the resulting 
patient-test matrix is scalable, this may be 
considered to support the hypothesis that 
the language deficit in aphasia is unidimen- 
sional and the necessity for topological 
systems of classification becomes question- 
able, to say the least. 


Subjects 

Subjects were 123 patients admitted to the 
Aphasia Division of the Neurology Service 
of the Minneapolis VA Hospital between 
June 1954 and April 1957. These were con- 
secutive admissions, except that patients with 
no aphasia, patients without persisting apha- 
sia, patients seen too soon after the onset of 
aphasia for physiological conditions to have 
stabilized, patients who could respond to 
no test items, and psychotic patients were 
excluded. Patients were not judged 
psychotic unless clearly aberrant behavior 
was present, such as outbursts of unprovoked 
rage, delusional states, or regressive behav- 
ior; in every such case the diagnosis was 
confirmed by psychiatric evaluation. 

Age range was from 19 to 76; slightly 
more than half the patients were over 50. 
Etiology included cerebrovascular accidents, 
tumors, arteriosclerosis, and cerebral enceph- 
alopathy resulting from trauma and other 
causes. Slightly more than half the patients 
had incurred cerebrovascular accidents. 

The records of one hundred aphasics who 
had been tested on Form 4 and Form 6 of 
the diagnostic battery were drawn from the 
files for study. Twenty-three patients who 
had been tested on Form 5 were held out 
as an independent sample which could be 
studied later for cross-validation purposes. 


Tests 


The tests employed in this analysis were 
taken from Form 6 of the Minnesota Test 
for Differential Diagnosis of Aphasia, by 
Schuell (1955b). The tests were given 
individually as part of the diagnostic testing 
program, on entrance to the clinic. The 
battery is given in several sessions to avoid 
fatigue. The testing time for the complete 
battery is approximately three hours. 


Of an original battery of 62 tests investi- 
gating aphasic disabilities, 13 tests exploring 
disturbances of numerical concepts, arith- 
metic processes, and body schema were 
discarded as peripheral to the central 
problem being investigated. Six tests could 
not be used because they were not common 
to the three forms of the test from which 
data were obtained. In addition, (a) audio- 
metric findings, (b) gross tests for visual 
perception, such as pointing to crosses 
arranged in various positions on a page, 
matching colors, forms, pictures, and 
symbols, (c) imitating gross movements of 
speech musculatures, and (d) copying and 
drawing tasks were eliminated because they 
were not considered primarily language 
tests. It should be pointed out that eliminat- 
ing gross perceptual and motor tests could 
not screen out the effects of such disturbances 
on language performances, however. 

The 29 tests which remained included 
tests of auditory comprehension, reading, 
writing, and speech at various levels of 
difficulty. They employed auditory, visual, 
and combined presentation of stimuli, and 
required various response modes, such 
as speaking, writing, and gross motor 
responses. 

One control test (rapid alternating move- 
ments) was included which was considered 
non-language, although it was still a test of 
speech function. It was hoped that this 
test would demonstrate the ability of the 
scaling procedure to reject irrelevant tests 
and provide a control against building a 
hierarchy which reflected general extent of 
brain damage, rather than language deficit. 

A list of the tests, with brief descriptions, 
follows. (Items followed by asterisks were 
included in best 18 tests selected in the first 
analysis.) 


AUDITORY 


1. Auditory recognition.* A group of 
objects, then groups of pictures are displayed 
and S is asked to point to object or picture 
named by the examiner. Visual difficulties 
are first screened by a matching task. 18 
items, 

2. Recognition of symbols.* A series of 
cards, each containing five or six letters or 
numbers, are presented individually, and the 
Patient is required to point to the symbol 
named by the examiner. 26 items. 

3. Repetition of sentences, Patient is 
required to repeat sentences equated for 
difficulty, but of progressive length. 10 
items. 
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4. Repetition of digits. Tests from the 
Terman-Merill revision of the Stanford 
Binet Form L are used, to 10th year level. 
4 items. 

5. Directions.* The patient is asked to 
follow directions of progressive length. 
Examples: “Ring the bell. Put the spoon 
in the cup. Point to the comb, pencil, and 
the key.” 10 items. 

6. Detecting errors.* Statements are 
read to the patient, who is asked to indicate 
whether each statement is right or wrong. 
Example: “You eat with a knife, fork, and 
comb. Is that right?” 6 items. 

7. Short paragraph. A short narrative 
paragraph is read to the patient, and he is 
asked questions about the content, which 
can be answered by yes or no. 5 items. 

8. Long paragraph.* Same as above, 
except the paragraph contains 13 lines 
instead of four. 6 items. 


READING 


1. Matching word to picture.* Card with 
single printed word is displayed, and patient 
is required to point to appropriate picture. 
The pictures are the same as those used 
for auditory recognition. 12 items. 

2. Sentence comprehension. Patient is 
required to read a series of questions and 
check them yes or no. Examples: “Are 
there seven days in a week? Does everyone 
put money in the bank?” 10 items. 

3. Short paragraph. Patient reads a short 
paragraph, approximating fourth grade 
reading level, and answers questions about 
content by checking yes or no. 4 items. 

4. Long paragraph. Same as above, 
except that material is easy adult level and 
longer. 5 items. 


SPEECH AND LANGUAGE 


1, Rapid alternating movements. Patient 
is asked to imitate syllables ma, la, ka, and 
kala, then repeat each one as rapidly as he 
can. Time limits are generous. 4 items. 
(This was included as a “non-language” 
test.) 

2. Repetition of words.* Patient is re- 
quired to repeat 30 common monosyllabic 
words after the examiner. All consonants 
and consonant blends are used, and any 
mispronunciation is scored as an error. 
30 items. 

3. Sentence completion.* Simple sentences 
containing common associations are read to 
the patient, who is asked to supply the last 
word, Example: “Please pass the salt and 
——.” Any appropriate word is scored 
correct. 8 items. 


4. Serial responses.* The patient is asked 
to count to 20, then name the days of the 
week and the months. 30 items. 

5. Simple questions.® The patient is 
asked questions requiring single word 
responses. Examples: “What do you shave 
with? What do you do with money?” 
8 items. 

6. Naming.* Patient is asked to name the 
objects and pictures used for auditory 
recognition. Naming precedes auditory 
recognition in administration of the test. 
18 items. 

7. Rhymes.* Patient is asked to give a 
word which rhymes with go, tree, and car. 
3 items. 

8. Definitions. Patient is asked to explain 
the meaning of the following words: robin, 
island, motor, bargain, courage, repair, and 
leather. Qualitative scoring according to 
criteria established by classifying obtained 
responses. 7-point scale. 

9. Giving information.* Patient is asked 
to supply biographical data in response to 
specific questions. Some questions require 
only a simple response, such as name and 
address, and others require more elaboration, 
as describing his job, or how he occupied 
his time at home. 12 items. 

10. Picture description.* Patient is asked 
to describe a picture, and tell what is 
happening in it. Qualitative score, as on 
Test 8. 7-point scale. 

11. Expressing ideas.* Patient is asked 
to tell three things he has done during the 
day and three things a good citizen should 
do. 6 items. 

12. Similarities.* Patient is asked to tell 
how two things, such as a knife and a fork, 
are alike. Two errors are scored if patient 
can state no similarity, and one for failure 
to place objects in category. 12 items. 

13. Proverbs. The patient is asked to 
explain the meaning of three common 
proverbs. Item is not scored correct unless 
there is appropriate generalization. 3 items. 


WRITING 


1. Letters to dictation.* Patient is re- 
quired to write letters of alphabet dictated in 
random order. 26 items. 

2. Written spelling. Patient is asked to 
write eight words to dictation. Two words 
are dictated from third, fourth, fifth, and 
sixth grade spelling levels. 8 items. 

3. Sentences to dictation.* Patient is 
required to write sentences dictated by 
examiner. Each sentence is dictated as a 
unit, and sentences are progressive in length. 
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No words beyond fifth grade spelling level 
are used. 8 items. 

4. Spontaneous writing. Patient is asked 
to write a paragraph describing a picture and 
telling what is happening in it. Qualitative 
scoring, as on Tests 8 and 10. 7-point 
scale. 


Plan of Analysis 


Each test was treated as an “item” being 
considered for inclusion in a homogeneous 
scale. Although the tests were scored 
quantitatively, both the general orientation 
of the study and the distribution of scores 
on the tests (discussed below) argued for 
treating the data on a simple “pass fail” 
basis. Each patient was given a total score 
equal to the number of tests passed with- 
out error. Each test was given a difficulty 
level determined by the number of patients 
passing it. Phi coefficients were computed 
for each test and for each patient in the 
manner suggested by White and Saltz 
(1957). The tests with the highest phi 
coefficients were used in the scale analysis 
itself and were subjected to further intensive 
study in the various diagnostic-prognostic 
patient groups. Modifications were made in 
the passing and failing levels in those tests 
where it appeared advantageous to increase 
the homogeneity of the test or to obtain a 
better distribution of difficulty levels in the 
battery considered as a whole. Repro- 
ducibility of the modified scoring was com- 
puted. An abbreviated scale made up of 
a small number of best tests was analyzed 
for scalability. A universe of tests suggested 
by clinical experience was separately tested 
for scalability also. Finally, the scales 
developed on the first sample of patients 
were applied to a new sample of patients 
and the scalability again computed. 


RESULTS AND Discussion 
Score Distributions of Individual Tests 


The distribution of scores on each 
test was plotted for the 100-patient 
sample. The majority of the tests 
yielded U-shaped and J-shaped distribu- 
tions. This was interpreted to mean 
that the tests represented relatively 
homogeneous behavior samples. When 
the tests were easy, virtually all 
patients passed or nearly passed them; 
when they were difficult, virtually all 
patients failed them by a wide margin; 


when they were at intermediate levels 
of difficulty, tests tended to split the 
patient population into two groups, 
those passing and those failing, with 
few patients falling at intermediate 
scores. Only a few tests yielded ir- 
regular multimodal distributions. It 
should be noted that the nature of these 
distributions argues against the tradi- 
tional correlational analysis of these 
data and suggests that if there is any 
organization of the tests it will be of 
the hierarchical, scalable kind. 


Phi Coefficients of the Tests 


Phi coefficients were calculated for 
each test in the following manner. The 
difficulty of each test was measured by 
percentage of subjects passing. Sever- 
ity of aphasia was measured for each 
subject by number of tests passed. 

This procedure resulted in a distribu- 
tion of tests in order of difficulty, and 
a distribution of subjects in order of 
severity of aphasic involvement, as 
defined above. 

A fourfold table was prepared for 
each test, showing how many of the 
subjects who passed belonged to the 
group with correspondingly high total 
scores, and how many of the subjects 
who failed belonged to the group with 
correspondingly low total scores. Fig- 
ure 1, representing the distribution for 
a good test, will clarify this. 

Seventy per cent of all subjects 
passed the test represented. Sixty-five 
of the seventy who passed were in the 
upper seventy per cent of the distribu- 
tion of patients on the basis of total 
score; five per cent were not. Thirty 
per cent of all subjects failed the given 
test. Twenty-five of these were in the 
lowest thirty per cent of the distribu- 
tion; five were not. Thus the test 
misclassified ten patients out of a 
hundred. The obtained phi coefficient 
is.762. This is a high phi coefficient, and 
the test would be judged to be measur- 
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Severity of Aphasia 
(Number of Tests Passed) 


70 


30 70 


bc — ad 
ark ES EY R 


Illustrative example of the com- 
putation of a phi coefficient. 


76 


Fic. 1. 


ing, for the most part, factors common 
to those measured by the majority of 
the other tests in the scale. 

Essentially the phi coefficient repre- 
sents the relationship between the 
distribution for a single test and the 
distribution for the entire scale; a good 
phi coefficient can be interpreted to 
mean that the test is successful in 
measuring whatever is being measured 
in the battery of which it is a part. 
It is not an absolute measure, since it 
is affected by the difficulty level of 
the test under consideration.? 

The tests were then studied with 
respect to phi coefficient, level of 
difficulty, and quality of errors. These 
data are presented in Table 1. The 
tests are arranged in descending order 
of magnitude of the phi coefficients. 
Difficulty level is represented by per 


* White and Saltz may convey the im- 
pression that phi varies from zero to 1.00 
under these conditions. However, the mar- 
ginal totals here are constrained to be equal 
(the “upper” percentage on the total score 
distribution is determined by the number 
of patients passing the item in question). 
Under these conditions phi varies from an 
upper limit of 1.00 to a lower limit which 
is determined by the difficulty level of the 
item. (The lower limit varies from -1.00 
to -.05, for example, as the difficulty varies 
from 50 to 90 per cent.) 
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cent passing. “Goodness” of errors 
represents a qualitative judgment of 
the scatter of the errors of misclassifica- 
tion among the total-score groupings. 
For example, if a test is passed by 30 
patients and 25 of the patients are in 
the highest 30 in total score, the errors 
of misclassification may be “good” (the 
remaining 5 passes may be found in the 
next highest ten per cent of the 
patients), “fair” (for example, the five 
passes may be found in the next highest 
20 per cent of the patients), or “poor” 
(the five passes may be found dis- 
tributed far down the  total-score 
hierarchy). 

A study of the table reveals generally 
encouraging results. Eight tests yield 
phi coefficients of .70 or higher, seven 
tests have phi coefficients between .60 
and .70; five tests fall between .50 and 
.60, four are between .40 and .50, and 
only five tests fall below .40. Several 
considerations entered into the decision 
concerning the retention of the “best” 
tests for scale analysis. In part this 
selection was determined by the magni- 
tude of the phi coefficients, in part by 
the quality of errors. Since the 
alternating movements test (which was 
not considered primarily a languagé 
test) had a coefficient of .46, it was 
considered that the lower limit of 
acceptability should be somewhat above 
that point. A distribution of test 
difficulties argued for the inclusion of 
sentences to dictation and similarities 
in order to sample the “difficult” end of 
the continuum adequately. A con- 
sideration of the qualitative ratings 
seemed to show that phi coefficients 
below the mid-50’s were in general 
accompanied by poorer errors than 
those above that point. In the light 
of these considerations, the decision 
was made to drop the tests with phi 
coefficients below .57, discarding eleven 
tests and retaining eighteen for further 


analysis. 
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TABLE 1 
DATA ON 29 TESTS FOR ORIGINAL SAMPLE OF 100 PATIENTS 


T Phi Per Cent Per Cent Quality of 

ests Coefficient Passing Misclassified TTOrs 
Reading: word to picture 78 76 8 Fair 
Speech: giving information .76 47 12 Good 
Speech : picture description -76 21 8 Fair 
Speech: sentence completion -76 46 12 Good 
Speech: serial tasks 72 50 14 Fair 
Speech: rhyming 71 30 12 Good 
Auditory : recognition 71 71 12 Fair 
Speech: response to questions 70 38 14 Fair 
Auditory : following directions 69 35 14 Fair 
Speech: repetition of words 68 48 16 Good 
Speech: naming 67 40 16 Good 
Auditory: long paragraph 65 13 8 Good 
Writing: letters to dictation 64 34 16 Fair 
Speech: expressing ideas 63 25 14 Poor 
Auditory: pointing to symbols .60 46 20 Fair 
Writing: sentences to dictation 59 11 8 Fair 
Speech: explaining similarities 57 17 12 Fair 
Auditory: recognizing errors 57 44 24 Poor 
Writing: spelling 53 15 12 Poor 
Reading: short paragraph 53 37 22 Poor 
Speech: alternate movements 46 60 26 Poor 
Auditory: sentence repetition 46 8 8 Poor 
Auditory: digit repetition A2 14 14 Poor 
Auditory: short paragraph 40 54 30 Poor 
Speech: definitions 39 9 10 Poor 
Writing: spontaneous paragraph tol 3 4 Good 
Reading: sentence 25 18 22 Poor 
Speech: explaining proverbs 23 7 10 Poor 
Reading: long paragraph £23: 7 10 Poor 


Phi Coefficients for the Subjects 


Phi coefficients were calulated for 
each subject in a manner analogous to 
the calculation for each test. It was 
not our purpose to purify the subject 
sample, since we wished to study the 
whole class of aphasics, but it was 
considered that the clinical diagnostic 
groups should be observed early in the 
analysis to see if they were related 
differentially to whatever it was that 
the tests were measuring. 

These data showed that almost the 
complete range of phi coefficients was 
present in each diagnostic group. There 
appeared to be no evidence that clearly 
separate populations were involved. 


Guttman Analysis 


Total sample. The 100 Ss were 
given new total scores based on the 
eighteen “best” tests. The subjects 
were ranked from high to low; the 
tests ranked from easy to difficult and 
the distribution of individual passes 
and fails was plotted. For each test 
new phi coefficients were computed and 
reproducibility of the whole matrix was 
computed. The phi coefficients are 
reported in Table 2. The coefficient 
of reproducibility for the entire array 
of tests and subjects was found to be 
89.9 per cent. 

Such results for a battery as large 
as this one may certainly be regarded 
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as encouraging. It could be argued 
that results are inflated by inclusion of 
tests at both extremities of the difficulty 
continuum and by inclusion of patients 
completely without speech, or with 
nearly normal speech. However, study 
of difficulty levels of various tests in- 
dicated a wide distribution over the 
entire range of difficulty, and classifica- 
tion errors were not markedly different 
for tests at extreme levels of difficulty 
and tests in the middle levels, although, 
of course, tests at intermediate levels 
showed more errors. 

Edwards (1957) suggests that the 
coefficient of reproducibility be com- 
pared with its lower limit: the 
percentage of correct classification 
achieved when each item is predicted 
in its most popular direction. The 
reproducibility coefficient obtained rep- 
resents a substantial gain: 89.9 com- 
pared to the minimum of 66.8. 

A study of patients indicated that 
the lower end of the patient distribu- 
tion was dominated by Group I 
patients, who would add to the repro- 
ducibility of any such matrix, because 
they failed a very high proportion of 
the tests. 


TABLE 2 


Data on Best 18 Tests FOR ORIGINAL 
SAMPLE OF 100 PATIENTS 


Phi Per 


Tests Coeffi- | Cent 
cient | Passing 
———E 

Reading: word to picture 73 76 
Auditory: recognition 81 71 
Speech: serial tasks 72 50 
Speech: repetition of words 64 48 
Speech: giving information .76 47 
Speech: sentence completion .76 46 
Auditory: pointing to symbols 52 46 
Auditory: recognizing errors 51 44 
Speech: naming 79 40 
Speech: response to questions 75 38 
Auditory: following directions 65 35 
Writing: letters to dictation 60 34 
Speech: rhyming 67 30 

: expressing ideas 25 
Speech: picture description 76 21 


paragraph z 
Writing: sentences to dictation 59 11 
S eS 


Note—Reproducibility: 89.9; minimum reproduci- 
bility: 66.8. 


In order to study these problems 
further, the analysis was repeated on 
the subgroups of patients (using 
classification groups given above), and 
a study was made of the scoring of the 
individual tests and of the possibility 
of arranging their levels of difficulty 
to sample the entire range more 
systematically. 

Subsamples. Group I. Only 6 of 
these patients passed any of the tests 
in the Minnesota battery; 11 failed all 
18 tests. It was considered that this 
subgroup was therefore not appropriate 
for separate analysis and, indeed, might 
have functioned as hypothesized to 
increase the general reproducibility of 
the test-subject matrix. No further 
analysis was performed on this group. 

Only 5 patients in the sample of 
100 were classified as Group IV. 
While the data for these patients were 
consistent with the hierarchy estab- 
lished in the general test-subject 
matrix, the sample was too small for 
any meaningful analysis. Therefore, 
this group was excluded from further 
work at this point. 

Groups II, III, and V, with 31, 20, 
and 27 patients respectively, were 
chosen for independent scale analysis. 
Group IT, as stated above, is the group 
which most resembles “pure” aphasia. 
Group III may be considered to be a 
basic aphasia with an overlay of visual 
difficulties, and Group V may be con- 
sidered as a population with aphasia 
and diffuse visual and motor difficul- 
ties. These groups were analyzed 
separately and combined for a 
new over-all analysis of test-subject 
scalability. 

While the ordering of tests, in terms 
of relative difficulty, varied somewhat 
from group to group, in all three 
patient groups the 18 tests were found 
to be scalable. For Group II the tests 
were 90.7 per cent reproducible; for 
Group III the test scores were 86.9 
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TABLE 3 


Rank ORDER CORRELATION COEFFICIENTS 
Berween Suncrovurs 


Group II | Group II} Group V 
(N = 28) | (N = 27) 


I 
(N = 31) 


Total Sample 89 98 
(N = 100) 

Group II 87 

Group HI 90 


per cent reproducible; for Group V 
they were 91.6 per cent reproducible. 
When the three groups were combined 
(N=78 cases) the over-all repro- 
ducibility was found to be 87.7 per cent. 

The comparison of difficulty levels of 
specific tests from one clinical group 
to another tends to confirm the original 
differential diagnoses based on the 
pattern of deficit present in each 
patient group. Table 3 presents the 


rank-order correlation coefficients 
tween the orders of difficulty of 
tests for the entire group, and for ead 
of the subgroups considered here, 
It can be seen that the order 
difficulty of the tests is very simil 
between each group and the tots 
sample. In the group-to-group com 
parisons, Group II and Group If 
appear as the most deviate pair 
although each correlates highly 
Group V and the total sample. 
Table 4 presents the tests on whid 
rank-orders of the three subgroup 
differed by three or more ranks. Then 
are nine tests for which this is t 
Six of these are speech tests which 
use no visual materials and require ng 
writing. On five of these six tests (all 
except the serial tasks, the easiest 0 
the speech tests) the differences favore 
Group III in this sample; that is, th 


TABLE 4 
Tests on Watch Rank ORDER DIFFERED More THAN THREE RANKS 


Tests with no visual com- 
ponents 
Serial tasks 
Information 
Sentence completion 
Response to questions 
Expressing ideas 
Similarities 

Mean for six tests 


Tests with visual com- 
ponents 


Pointing to symbols 
Naming pictures 

Letters to dictation 
Mean for three tests 


Mean for nine tests 


Group V 

(N = 27) 
Rank | Per C 

Order 

4 41 
3 44 
65| 37 
85 | a3 
13.5 | 19 
16.5 7 
30 
roe 
8.5} 33 
13:5 | 12 
30 
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speech tests were casier for the 
in Group IIT than for those in Group 


more mild aphasics in Group ITI than 
in Group II. This is considered an 
artifact of the population sample, and 
can be explained by a selective process 
operating. Many patients request ad- 
mission or are transferred to the 
Minneapolis VA Hospital 

for treatment of aphasia. It is probable 
that many Group III patients who 
would not have sought hospitalization 
for minimal speech difficulties were 
motivated to do so by the more serious 
trouble they had reading and writing. 
Although Group III in this sample 
contained a few patients with severe 
or moderately severe aphasia, it also 
contained more very mild cases than 
did Group II. 

However, the remaining three tests, 
which showed significant differences 
in order of difficulty, were tests which 
used visual materials or required 
written responses, and on each of these 
Group II was superior to Groups IIT 
and V. The implications of this seem 
clear. On each of these three tests 
there was a visual component which 

the scores of both the 
patients in Group III and those in 
Group V. 

Naming, the first of these tests, uses 
pictures. Superficially it appears 
strange that matching words to pictures 
and auditory recognition did not show 
significant differences in order of 
difficulty for the subgroups. The 
answer probably lies in the nature of 
the three tasks for aphasic patients. 


pt 
& i f 
i 
| 


i 
sE 


HELE, 
el 
i ue 
daii 


as bdpq, hnru, WM, EF, JL, and PBR 


Severely impaired Group II patients 
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can recognize or recall no symbol 
forms. They are retaught lower case 
symbols first to aid reading. Different 
errors appear when script is introduced. 
Then el, gy, bf, hk, ao, and so on are 
confused. Over all, it seems apparent 
that these three tests constitute visual 
tasks for patients who have impaired 
visual processes, and present more 
difficulty to these patients than to 
patients who do not have specific 
visual involvement. 

Group V patients, who have audi- 
tory, visual, and motor deficits, fall 
below the mean number of patients 
passing all tests, but they are more 
like Group III than Group II patients 
on over-all test patterns, which would 
be predicted, since they all have some 
visual involvement, and Group II 
patients do not. 

The present analysis may therefore 
be considered to add further evidence 
substantiating the clinical patterns 
which have previously been identified, 
and at the same time increasing the 
significance of the hierarchy obtained, 
by indicating that it is obtained in spite 
of the fact that there are visual com- 
ponents on some of the tests in the 
battery. 

Modified scoring. In order to im- 
prove the distribution of test errors 
(unpredicted passes and fails) and 
exploit the power implicit in the U 
distributions common in these tests, it 
was decided to experiment with modi- 
fied scoring. In the previous analysis, 
tests were scored on the basis of a 
perfect score versus any error. In 
modified scoring the cutting line was 
moved one unit at a time, first accepting 
0 and 1 error as passing, then 0, 1, 
and 2 errors as passing, then 0, 1, 2, 
and 3 errors as passing, to maximize 
the phi coefficients between the tests 
and the total battery. Where this 
resulted in marked improvement of the 
phi coefficient, or resulted in an 


equivalent coefficient, but obtained 
more balanced distribution of difficulty 
of the tests, the modified scoring was 
adopted. The following six subtest 
were so modified : 


1. Reading: matching word to picture 
0, 1, and 2 errors scored passed. 

2. Speech: repetition; 0, 1, 2, and 
errors scored passed. 

3. Speech: giving information; 0, 1, 3 
and 3 errors scored passed. 

4. Auditory: pointing to named symbols 
0, 1, 2, and 3 errors scored passed. 

5. Auditory: recognizing errors; 0, 
and 2 errors scored passed. 

6. Auditory: following directions; 0, 1,2 
and 3 errors scored passed. 


from screening out mild motor a 
visual difficulties, smoothing the curve 
for the total population, but making 
the tests less discriminating for super 
imposed visual and motor deficits. On 
Tests 3 and 5, analysis revealed 
errors piling up on specific items 0 
each test; the improvement obtained 
by modification undoubtedly resulted 
from screening out the effects of the 
poorest items. This was not true of 
Test 6, however. Items on this test 
are progressive in length, and more 
patients failed the longer than the 
shorter items. It appears probable that 
modified scoring passed patients with 
mild aphasia who make only occasional 
errors. If this is the correct explana 
tion, the diagnostic value of the test 
would be lessened, not increased, by 
modifying the scoring in this way, ™ 
spite of the fact that it makes the test 
more scalable. There is inevitably mort 
scatter for mild aphasics because 41 
much larger sample of language behav- 
ior must be observed for errors © 
appear than is necessary for moderate 
or severe aphasics. However, the 
errors for these patients are characte™ 
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TABLE 5 


DATA FOR Tests wir MODIFIED SCORING 
Usep WHERE APPROPRIATE 


Tests 


Reading: word to picture 
Auditory: recognizing errors 


Ui 


Speech; sentence completion 
: naming 

Speech: response to questions 
Writing: letters to dictation 
Speech: rh: 


Auditory: long paragra; 
Writing: sentences to dictation 


Note.—Reproducibility: 92.9; minimum reproduci- 
bility: 60.6. 
. Scoring modified. 


istic ones, and obtained patterns are 
consistent. 

The resulting distribution of test 
difficulties and phi coefficients is given 
in Table 5. 

The modified scoring resulted in 
increases in the reproducibility of the 
tests for all groups of subjects. Re- 
producibility on the total sample 
(N=100) was 92.9 per cent. Repro- 
ducibility on Group II (N=31) was 
93.4 per cent. Reproducibility on Group 
III (N=20) was 92.2 per cent. Repro- 
ducibility on Group V (N=27) was 
93.4 per cent. Reproducibility on 


TABLE 6 
DATA For TESTS IN THE ABBREVIATED SCALE 


Phi Per 
Tests Coeffi- | Cent 
cient | Passing 

Reading: word to picture 938 84 
Auditory: following directions 77" 69 
Auditory: pointing to symbols 91" 65 
Speech: giving information 878 62 
Speech: serial responses .76 50 
Speech: sentence completion 88 46 
Speech: response to questions 7S 38 
Speech: picture description 82 21 
Auditory; long paragraph 58 14 


Note—Reproducibility: 96.3; minimum reproduci- 
Be 67.9. 
a Modified scoring. 


Groups II, III, and V together was 
91.8 per cent. 

Abbreviated scale. It was thought 
that it would be useful to set up a 
short scale of very high reproducibility 
as an index of over-all language deficit. 
For this purpose nine tests were 
selected, using modified scoring where 
appropriate. These tests were selected 
for spacing along the difficulty con- 
tinuum and for high phi coefficients. 
The application of the abbreviated 
scale to the total sample of 100 yielded 
a reproducibility of 96.3 per cent. The 
tests used were as follows: 


1. Reading: matching word to picture, 

2. Speech: serial responses. 

3. Speech: giving information. 

4. Speech: sentence completion. 

5. Auditory: pointing to symbol named. 

6. Speech: answering simple questions 

(one word responses). 

7. Auditory: following directions. 

8. Speech: picture description. 

9. Auditory: long paragraph. 

Difficulty levels and phi coefficients 
are shown in Table 6. 

Clinical scale. Prior to this study 
the senior author had predicted a 
hierarchy of speech test functions 
based on clinical experience with 
patients recovering from aphasia. This 
hierarchy was composed of 7 tests 
thought to be sampling almost pure 
language functions. It appeared that 
if this reflected order of recovery in 
aphasia, and if the language deficit 


TABLE 7 
DATA FoR TESTS IN THE CLINICAL SCALE , 


bei- | _Cont 
ts 
7 cient | Passing 
eee 
Auditory: recognition 85 71 
Speech: repetition 76 48 
Speech: sentence completion 84 46 
Set a same | | 
5 esi . 

PeR expresii ideas 73 25 


Note.—Reproducibility: 95.3; minimum reproduci- 
bility: 66.0. 
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represented a single dimension descrip- 
tive both of states of patients and 
progress of a single patient, then these 
tests should prove to be highly repro- 
ducible in that order over a cross 
sample of aphasic patients. The fol- 
lowing predicted hierarchy was tested 
for reproducibility : 

Auditory: pointing to object named. 
Speech: repetition. 

Speech: sentence completion. 

Speech: answering questions. 

. Speech: naming. 

. Speech: expressing ideas. 

. Speech: explaining similarities. 


Pon 


NO 


It was found that this battery was 
95.3 per cent reproducible on the total 
sample of 100 aphasics. The difficulty 
levels and phi coefficients are given in 
Table 7. With respect to the predicted 
order of recovery, here represented as 
the order of difficulty, only one error 
in prediction was made. Response to 
simple questions and naming, which 
are very close in observed difficulty, 
were reversed in the prediction. This 
certainly represents a minimal pre- 
dictive error. (See also the discussion 
of difficulty below.) 

It should be noted that the clinical 
scale and the abbreviated scale, both 
of which have excellent reproducibility, 
overlap on only two tests (Speech: 
Completion, and Speech: Questions) 
and therefore derive their high repro- 
ducibilities relatively independently. 


TABLE 8 


SUMMARY OF REPRODUCIBILITY 
sss; aammumħÁÕ 


Minimum 
prode Reproduci- 
bility 
Best 18 tests 89.9 66.8 
Best 18 tests, scoring modified 92.9 70.1 
Group II, scoring modified 93.4 76.9 
Group III, scoring modified 92.2 78.6 
Group V, scoring modified 93.4 64.1 
Groups II, III and V 
combined 91.8 72.6 
Abbreviated scale 96.3 67.9 
Clinical scale 95.3 66.0 
New sample 91.8 80.7 
New sample, scoring modified 93.7 81.2 


_ fied exactly as before) the results were 


Cross-validation m y 


As was pointed out earlier, twenty 
three cases were held out of the analysis 
for use in cross-validation. When one 
starts with a large number of 
discards subtests, modifies the sco 
and then builds special scales, it 
always possible that chance factors in 
the data will be utilized to gain spu 
ous scalability. (This criticism, 
course, could not be leveled at the 
clinical hierarchy which was predicted 
in advance of the analysis). To guard 
against this possibility and to estimate 


various test batteries and modifications 
were applied to a new sample of 
patients. 

The sample consisted of twenty-three 
patients admitted in 1954-1955. These 
patients had been assigned to 
following categories: Group I, N= 
Group II, N=6; Group III, N= 
Group IV, N=4; Group V, N=% 
Twelve patients were over 50 years of 
age. Eighteen had incurred cere 
brovascular accidents, two were tumor 
cases, and three were cases Oo 
encephalopathy. 

The results indicated a high degree 
of confirmation of the earlier findings. 
Using pass-fail scoring on all eighteen 
tests, the test-subject matrix was 91. 
per cent reproducible. With “modified 
scoring” on the eighteen tests (modi 


14 


an 


93.7 per cent reproducible. On the 
abbreviated scale 95.6 per cent repro- 
ducibility was found. On the clinical 
scale 94 per cent reproducibility was 
obtained. It appears dramatically 
clear that all of these sets of tests ha 
high reproducibility and that rept 
ducibility was retained on a neW 
sample of patients. f 

The reproducibility data for We 
various scales and groups are summa 
rized for convenience in Table 8. 


d 
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Comments Concerning the Methods 
Employed 


The use of the phi coefficient to select 
tests for consideration in the scale 
analysis has been questioned on the 
basis that this procedure automatically 
rejects all but one or two variables, 
and may therefore have excluded 
information related to rarer forms of 
aphasia, and, secondly, that this pro- 
cedure “forces” the data to conform 
to a Guttman scale, making the 
subsequent analysis merely the elabora- 
tion of a tautology. 

The writers concede the first possi- 
bility. If there were a few tests which 
operated to detect a deviant form of 
aphasia but not the general dimension 
dealt with here, it is probable that these 
would be discarded at the early stages 
of analysis, and their deviation from 


_ the scalable pattern would not become 


obvious. It is similarly true that if 
only a few patients exhibited a deviant 


_form of language deficit this would 


_ himself. 


. population. 


not affect the over-all reproducibility 
sufficiently to render the general dimen- 
sion unscalable. Finally, it is true that 
the original battery of tests may be 
insensitive to special forms of aphasia, 
or even have neglected some crucial 
area entirely. The reader is invited to 
consider the original listing and 
description of the tests to decide the 
likelihood of these alternatives for 
The writers believe that the 
rejected tests were simply poorer 
measuring instruments of language 
deficit, either through the unreliability 
of the test (e.g., tests susceptible to 
guessing or accidental success), or 
through the overriding influence of 
other factors (e.g., high visual or 
motor requirements), or that they were 
of a high enough level of difficulty to 
be relatively unstable with the aphasic 
In any comprehensive 


battery of language tests it is impossible 
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to avoid some overlap with educational 
and intellectual levels, since some 
illiterates and some mental defectives 
appear in aphasic as in other 
populations. 

With reference to the question of 
whether the phi coefficient analysis 
“forces” a successful scale, the answer 
is unequivocally no. This may be 
demonstrated by considering almost 
any classroom achievement test. 
Ordinarily in such a test many items 
will be found with coefficients of the 
same magnitude as those used in this 
study, but typically such items will 
not constitute an adequate Guttman 
scale. In the field of attitude measure- 
ment such results have often been 
found. Clark and Kriedt (1948), work- 
ing with an established attitude scale 
composed of items of high internal 
validity (determined by an index 
similar to the phi coefficient used here), 
illustrated in detail differences which 
may exist between scales whose items 
were selected by indices similar to the 
phi coefficient and scales whose items 
were directly selected to maximize 
reproducibility. Briefly, it may be 
said that phi coefficients may be large 
for a variety of reasons. If the total 
battery of tests under consideration is 
complex, any test may relate highly to 
the battery because it is complex in the 
same fashion as the battery, or because 
it samples one important part of the 
complex very heavily, or because it 
samples several parts of the complex 
thoroughly, etc. Nothing “forces” 
such tests to scale. It is perhaps en- 
lightening in this connection to consider 
the amount of variance “accounted 
for” by even what appears to be a 
“high” phi coefficient. The phi coef- 
ficient was used hete to select tests 
with which it would be most profitable 
to work if the universe were scalable. 
It did not guarantee reproducibility in 
any sense except the negative one that 
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if most of the phi coefficient had been battery. The Guttman technique 
low, it would have been obvious that been criticized as crude, especially 


scalability could not be achieved. 

The question of factorial purity of 
the dimension discussed here may well 
be raised. It is conceivable that the 
dimension may be factorially complex 
when viewed in the context of many 
other tests. At the present time the 
authors are of the opinion that this 
question can only be decided by further 
empirical studies, The work of Gage 
on opinion poll data (1947) indicates 
that at least under some circumstances, 
the Guttman technique may isolate the 
items in a scale which are identical 
with those items appearing on the 
major factor in a factor analysis. 
Whether this is true of the present 
findings is a point to be resolved by 
future work. The fact that a dimen- 
sion of language deficit can be isolated 
and scaled across a wide variety of 
behaviors in a broad aphasic sample 
suggests that it may have considerable 
pragmatic importance regardless of 
its factorial composition. 
Implication for Future Research 

This study has been concerned with 
what Loevinger (1957) has called 
the substantive component and the 
structural component of a battery of 
tests of language deficit. We have 
argued that the content is that of 
general language behavior, and the 
structure found is compatible with the 
hypothesis of unidimensionality. Future 
work seems to fall in these categories: 

First, the content should be subjected 
to further careful scrutiny. If dimen- 
sions of language behavior have been 
overlooked or eliminated from this 
analysis, they should be incorporated 
in future research, along with tests 
already known to scale. 

Secondly, different and more sensi- 
tive techniques should be employed 
for the analysis of structure of this 


when applied in a manner similar to 
that used in this study ae 
permitting the elimination of tests), 
Further and more detailed study of 
the test-to-test relationships present is 
the battery seems to be indicated, and” 
factor analysis appears to be one 
fruitful method of proceeding. 

Finally, and most important, what 
Loevinger calls the external component 
of the battery must be considered. Wi 
see as immediate problems the relatio 
of degree of language deficit to rate of 
recovery from aphasia, to observations 
of free or spontaneous speech of apha- 
sics, and to etiology, locus, and extent 
of brain damage. We do not expect 
that simple relationships will be found 
particularly with respect to the last 
relationships, but see these as areas 
of investigation of primary importane 


Interpretation 


It appears to the writers that the 
obtained results constitute an im- 
pressive argument for the consideration 
of the language deficit in aphasia as 
unidimensional trait. The eighteen 
tests constituting the first scale include 
heterogeneous modes of responding. 
Stimuli are presented through visual 
channels (written words, pictures 
objects, and printed symbols), auditory 
channels (single spoken words, names 
directions, questions, dictation, 
stories), and by “general directions” 
involving gesture, examples, and # 
like. Responses are similarly wid} 
scattered through gross motor ar% 
(pointing, nodding, matching, movil 
objects), fine motor areas (Wit 
ing, oral repetition), and ` 
level” speech functions (identifyi™S 
errors, completing sentences, ans 5 
questions, and describing picturesh 
When such diverse materials prO 
to be scalable, there seems to be © 
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on tests of mixed abilities which are 
important in everyday life (for ex- 
ample, spatial orientation and mathe- 
matical competence). 

It should be re-emphasized here that 
the classification system described 
earlier in the paper is actually based 
on the presence or absence of specific 
motor or perceptual deficits which may 
or may not co-exist with the basic 
language deficit found in all the clinical 
groups described, and that while 
prognosis appears to be related to the 
over-all pattern of injury incurred in 
the brain, the recovery of language, 
when it occurs, progresses systemati- 
cally and relatively independently of 
the superimposed defects, as indicated 
by the congruence of clinically observed 
recovery patterns and ordering of tests 
obtained on the clinical scale. 

What is asserted is that the tests 
are sufficient to appraise the “pure” 
language deficit present in aphasia, 
and that this outcome is more com- 
patible with the theory of a single 
dimension of language deficit than with 
the multiple dimensions or topologies 
suggested in the past. 


SUMMARY 


For more than 80 years aphasia has 
been described in terms of types of 
speech or comprehension disorders. 
Such types have frequently been 
ascribed to sites of localized brain 
damage. The more recent work has 
found less and less reason to maintain 
such topological schemes. The present 
paper attempts to substantiate the 
hypothesis that there is a single dimen- 
sion of language deficit which may be 
identified in all aphasic patients, and 
which is relatively independent of gross 
motor or perceptual deficits which may 
or may not be present also. 

The records of 100 aphasia patients 
tested on Forms 4 and 6 of the 
Minnesota Test for Differential Diag- 


nosis of Aphasia were examined, while 
those of 23 patients tested on Form 5 
were withheld and analyzed indepen- 
dently for cross-validation. Guttman’s 
scale analysis was used to test for a 
single hierarchy or homogeneous uni- 
verse of language deficit. 

Eighteen tests selected on the basis 
of high phi coefficients, goodness of 
errors, and range of difficulty were 
scaled on a simple pass-fail basis, and 
then with modified scoring. Tests 
were scaled independently for sub- 
groups of patients. Finally, two short 
scales were constructed, the first con- 
sisting of an abbreviated scale of nine 
tests selected for high phi coefficients 
and wide range of difficulty; the 
second, a clinical scale of seven tests 
considered to represent an orderly 
progression in recovery. 

For all groups and test batteries the 
data yielded high coefficients of repro- 
ducibility which were markedly higher 
than the minimum reproducibility in- 
dices. Cross-validation gave strong 
confirmation of the results on the 
original sample. 

The evidence is compatible with the 
hypothesis of a single dimension of 
language deficit present in all aphasia. 
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TOWARD A QUANTITATIVE THEORY OF 
SECONDARY REINFORCEMENT ' 
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In 1938 Skinner suggested in effect 
that an initially neutral stimulus be- 
comes a secondary reinforcer when it 
becomes a discriminative stimulus or 
cue. That is to say, after an S has 
been trained to make some particular 
response following the onset of a 
stimulus (illustrating a cue effect), 
that stimulus will operate to 
strengthen another response which 
precedes its onset (illustrating a rein- 
forcing effect). In the intervening 20 
years we have seen almost no further 
progress in the development of a 
theory of secondary reinforcement. 
Schoenfeld, Antonitis, and Bersh 
(1950) made a somewhat stronger 
statement in hypothesizing that estab- 
lishing cue properties is a necessary 
and sufficient condition for secondary 
reinforcement. Similar statements 
have appeared in various other places. 
For example, in 1943 Hull stated: 


Stimuli which acquire secondary reinforcing 
power seem always to acquire at the same time 
a conditioned tendency to evoke an associated 
reaction... .It is probable... that a 
stimulus gradually acquires its powers of 
secondary reinforcement as it acquires its 
power of evoking the reaction conditioned to 
it (Hull, 1943, p. 97). 


(Since then Hull [1951] has shifted 
to an interpretation in terms of 
anticipatory drive reduction.) 

At first look it seems curious that so 
little progress has been made toward 
a quantitative theory which will in- 
clude secondary reinforcement. We 


1The work presented here was greatly 
facilitated by a fellowship from the Center for 
Advanced Study in the Behavioral Sciences, 
1955-56. 


note, for example, that a quantatative 
statement is conspicuously absent 
from Hull's extensive formulations 
(1943, 1951). This gap in our the 
orizing may become more understand- 
able as we examine the inventory of 
available methods and data. 
We will now turn to a brief exami- 
nation of two general sources of infor- 
mation regarding the secondary rein- 
forcement process, which we will term 
“direct” and “indirect” evidence, 
Our purpose at this point will be 
point up the main factors which ha 
probably served as deterrents 
theory development. In the subse- 
quent discussion we will raise a slightly 
different question regarding the ex 
tent to which these factors refl 
real obstacles, and will proceed 
explore one path which remains open 


INDIRECT EVIDENCE 


On one hand, there is a considerab! 
amount of indirect evidence on 
process of secondary reinforcemet 
which comes from theoretical inter- 
pretations of more complex expert 
ments. The interpretation of expert- 
ments on delay of reinforcemet! 
(Spence, 1947) and chaining (Ferstet 
& Skinner, 1957) provide particularly 
good examples. We will also wish t 
consider observing response expel 
ments in this connection (Kelleher 
1958; Prokasy, 1956; Wyckoff: 195), 
1952). The findings in these expe” 
ments yield to a highly parsimonio™ 
interpretation if we assume a secone 
ary reinforcing process. If such inter 
pretations are accepted, second 
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reinforcement becomes a factor which 
exercises considerable control over 
behavior according to a consistent 
and lawful scheme. We are inclined 
to think of these interpretations as 
“uses of” rather than “support for” 
or “clarification of” the process of sec- 
ondary reinforcement. This distinc- 
tion disappears in the last analysis, 
since usefulness must be the ultimate 
measure of value of a concept, How- 
ever, there is a reluctance to base a 
quantitative theory on this kind of 
indirect evidence. One would prefer 
to start with the purest and most 
direct evidence, 


Direct EVIDENCE 


On the other hand, experiments 
aimed at obtaining “pure” secondary 
reinforcing effects have yielded results 
which are somewhat intractable, first 
because of the apparent feebleness 
of the obtained effects, and second be- 
cause of the heavy dependence on 
specific features of the experimental 
situation. In the following para- 
graphs we will focus attention on one 
particularly important source of diffi- 
culty which effects the interpretation 
of a large body of experimental work. 
A more extensive review of recent de- 
velopments, which provides numerous 
illustrations of the type of difficulty 
Suggested above, has been presented 
by Meyers (1958). 

The experimental paradigm which 
is conceptually the most straightfor- 
ward consists of first pairing an initi- 
ally neutral stimulus with primary re- 
inforcement and then attempting to 
condition some arbitrary response, 
using this stimulus in place of rein- 
forcement. The use of this paradigm 
in a Skinner box situation has typi- 
cally yielded either no secondary rein- 
forcing effects at all or effects which 
just barely reach statistical signifi- 
cance (Bersch, 1951; Estes, 1949; 


Schoenfeld et al, 1950: Wyckoff, 
Sidowski, & Chambliss, 1958). Itis 
probably no accident that this pro- 
cedure has generally been abandoned, 
usually in favor of a paradigm in 
which the subject is frst conditioned 
to make some response by the use of 
primary reinforcement paired with 
the initially neutral stimulus, Sec- 
ondary reinforcement is then tested 
by observing retardation of extinction 
when primary reinforcement is dis- 
continued (Bersch, 1951; Bugelski, 
1949; Melching, 1954; Miles, 1956). 
However, certain contaminating fac- 
tors inherent in this latter paradigm 
have become increasingly evident. 
Experiments and related discussion 
by Melching (1954), Bugelski (1956), 
Elam, Tyler, & Bitterman (1954), and 
Wyckoff et al. (1958) have indicated 
strongly that the apparent secondary 
reinforcing effects obtained with this 
paradigm (as well as others) may be 
partially or entirely due to cue effects 
rather than secondary reinforcement. 
In making this distinction we as- 
sume that, by definition, reinforcement 
is an effect on a response which pre- 
cedes the onset, whereas cue effects 
are revealed by behavior which follows 
the onset of a stimulus. This dis- 
tinction and some of its implications 
have been discussed in detail elsewhere 
(Wyckoff et al., 1958). In the experi- 
ments in question, these factors are 
obviously confounded because re- 
sponses and stimulation occur alter- 
nately during the test. However, 
some clues to the relative contribution 
of each can be obtained in various 


ways. 

A Melching’s (1954) experiment a 
buzz followed lever pressing all of the 
time, half of the time, or none of the 
time during acquisition and extinction 
in a Skinner-box situation. A fac- 
torial design was used. The results 
show a close correspondence between 
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resistance to extinction and the simi- 
larity between stimulating conditions 
during acquisition and extinction.? 
Melching points out in effect that 
these findings indicate a strong con- 
tamination of secondary reinforcement 
by cue effects. He suggests that this 
contamination could be avoided by the 
use of the paradigm considered earlier, 
in which the secondary reinforcement 
is used to condition a new response 
rather than to maintain a conditioned 
response. Actually, even this meas- 
ure would not insure freedom from 
contaimination by cue effects (Wyck- 
off et al., 1958), although it would 
certainly tend to reduce the effect. 
Incidentally it seems to reduce group 
differences as well. 

Elam, Tyler, and Bitterman (1954) 
devised an experiment in which cue 
and secondary reinforcing effects were 
placed in opposition to each other. 
A neutral runway led to food in a 
black goal box or no food in a white 
goal box at random during initial 
conditioning. (Opposite colors were 
used in counterbalancing groups.) 

Extinction tests were run using 
either all white or all black goal boxes. 
Greater resistance to extinction was 
found with extinction to the white 
(previously nonreinforced) goal box. 
Since any secondary reinforcing effects 
present would be expected to favor 
running to the black boal box, the ob- 
tained opposite result indicates the 
operation of some other factor. The 
authors interpret the results as sup- 
porting a “discrimination hypothesis” 
which refers to the facilitating effect 


2 The profound effects which may result 
from subtle similarities and differences in 
stimulus conditions between acquisition and 
extinction have been brought to light in the 
context of studies on the influence of inter- 
mittent reinforcement on extinction (Crum, 
Brown, & Bitterman, 1951 ; Schoenfeld et al., 
1950; Spence, 1947; Tyler, Weinstock, & 
Amsel, 1957). 


on extinction of “any discriminable 
change in the aferent consequences of 
response.” This hypothesis would 
seem to imply differential cue effects 
associated with empty white or empty 
black goal boxes encountered during 
extinction.* 

Bugelski (1956, p. 93) takes notice 
of the role of cue effects in secondary 
reinforcement experiments. He elu- 
cidates in particularly clear detail how 
a stimulus previously associated with 
reinforced responses could produce 
increased resistance to extinction 
simply through its action as a cue. 
He observes that a separate concept 
of secondary reinforcement is super- 
fluous in such cases and suggests that 
the term be discarded. 

Wyckoff, Sidowski, and Chambliss 
(1958) attempted to condition lever 
pressing in a Skinner box, using a 
buzzer as a secondary reinforcer, after 
subjects had been given extensive 
training to approach a water dipper in 
response to the buzzer. They intro- 
duced a control procedure which would 
seem to be effective in isolating second- 
ary reinforcing effects. Control group 
subjects received the buzzer when they 
failed to press the lever for an interval. 
Since this procedure eliminates sec- 
ondary reinforcement but not cue 
effects, differences between experi- 
mental and control groups would have 
to be attributed to secondary rein- 
forcement. Unfortunately, no differ- 
ences between groups were obtained. 

Thus we see varied indications that 
cue effects may be quite potent as 
compared to secondary reinforcement 


3 Actually it is difficult to assess the position 
of Elam, Tyler, and Bitterman with regard to 
the operation of events in the goal box as 
stimuli effecting behavior on subsequent 
trials. On one hand, the discrimination of 
their “discrimination hypothesis” seems to be 
based on such stimuli and associated re- 
sponses, but elsewhere they argue that the 
trial spacing effectively precludes such effects. 
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in a certain group of experiments, 
dramatizing the necessity for certain 
controls. Although the notion that 
secondary reinforcement is entirely 
artifactual is suggested or implied in 
several places, it should be noted that 
none of these findings demand this 
conclusion. Furthermore, there are 
still a number of findings supporting 
the secondary reinforcement concept 
which do not seem to be weakened by 
these considerations. The findings of 
Saltzman's experiment (1949), in 
which Ss were initially trained in a 
runway and were tested in a T maze, 
Zimmerman’s (1957) achievement of 
prolonged secondary reinforcing 
effects through the use of intermittent 
reinforcement in a Skinner box, and 
the findings in a number of experi- 
ments on “token rewards” (Wolfe, 
1936) would be difficult to explain 
without some kind of secondary rein- 
forcement process. In general, these 
relatively direct secondary reinforce- 
ment experiments have not provided 
the kind of orderly detailed data which 
is conducive to quantitative theorizing. 

Let us return for a moment to the 
question of why so little progress has 
been made in the development of sec- 
ondary reinforcement theory. Our 
brief review of two general sources of 
information regarding secondary rein- 
forcement yields the following general 
picture. We see a body of indirect 
evidence which suggests a powerful 
and orderly influence of secondary 
reinforcement. However, there exists 
a natural bias against the use of in- 
direct data as a point of departure. 
Turning to what we have called direct 
evidence, we find a body of data which 
is frustrating to the serious theorist 
to the extent that several have sug- 
gested that the concept may be use- 
less. The lack of progress in the area 
can probably be attributed to the net 
result of this dilemma. 


At this point it is natural to suggest 
that perhaps we have been too hasty 
in rejecting the body of indirect evi- 
dence as a starting point. The re- 
mainder of the present paper presents 
an attempt to make systematic use of 
certain indirect evidence in the devel- 
opment of a quantitative theory of 
secondary reinforcement. 


SPECIFICATION OF A CLASS 
OF ACCEPTABLE THEORIES 


The general strategy of the follow- 
ing development is as follows. We 
will analyze the operation of secondary 
reinforcement in a particular experi- 
ment—namely, an observing response 
experiment—in which two sources of 
secondary reinforcement operate in 
opposition to each other. The condi- 
tions are such that quantitative treat- 
ment becomes necessary before we 
can even make a qualitative state- 
ment regarding the outcome. Con- 
versely, we will see that the qualitative 
result places certain restrictions on 
acceptable quantitative theories. Our 
approach will depart from the conven- 
tional hypothetical-deductive method 
in one important respect. Rather 
than picking a specific theory and at- 
tempting to show its success in meet- 
ing the empirical requirements, we will 
begin with the empirical requirements 
along with a certain amount of formal 
structure and attempt to circumscribe 
a set of acceptable theories. We 
visualize a process of ‘‘closing in on” 
a specific theory. 


FORMAL STRUCTURE 


As a point of departure we return 
to the familiar hypothesis that the 
secondary reinforcing effects of a 
stimulus are somehow related to the 
strength of that stimulus as a cue. 
We make special note of the fact that 
this hypothesis leaves open the ques- 
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tion of the specific functional relation- 
ship between these two variables, and 
hence represents a fairly broad general 
hypothesis. At this point we wish to 
make a more precise statement of the 
hypothesis, still retaining this element 
of generality. To this end we intro- 
duce the following definitions and 
assumptions: 


Definitions. 


S;-R—A reflex (or habit), any stimu- 
lus response pair. 

h—A unit of time chosen small enough 
so that the probability of more 
than one response occurring 
within the same unit of time is 
negligible. 

p—Strength of a reflex, probability 
of R; in an interval of length k, 
given that S; is present. This 
variable corresponds to the ratio 
x/S of Estes’ statistical learning 
theory (1950), but further treat- 
ment of its nature is not needed 
here. For the present purpose 
p: will also represent the cue 
strength of S; although addi- 
tional considerations would be 
required if alternative responses 
to S; were involved (see Wyckoff, 
1954). 

r;—Secondary reinforcing value of 
S; The quantitative definition 
of 7; is inherent in the following 
assumptions. 


Assumptions. 


Assumption 1. If SR; results in 
the onset of a new stimulus S;, p; is 
changed according to: 


Ap; = 0(r; — Pi) (1) 


where @ is a constant between 0 and 1. 
The relationship of this assumption to 
more familiar learning functions is 
readily shown by considering the case 
of a constant reinforcement, say, 7 
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Fic. 1. The stimulus S; has a secondary 
reinforcing effect on the preceding reflex S;-R; 
The reinforcing effect is determined by p;, the 
cue strength of S;, and produces a change in 


pi. 


In this case the above difference equ- 
ation can be solved to yield the famil- 
iar exponential learning function with 
an asymptote equal to r. 

Assumption 2. O0 <r<1. This 
assumption insures that p; (a prob- 
ability) will remain in the open inter- 
val from 0 to 1. 

The general hypothesis of a func- 
tional relationship between cue and 
reinforcing properties of a stimulus 
can now be expressed as: 


ri = f(p;) (2) 


In line with the approach outlined 
above, we will not adopt a specific 
function for f(p;). However, it is 
probably safe to assume the following 
properties. 

Assumption 3. f(p;) is a continu- 
ous and differentiable nondecreasing 
function. 

It is convenient to place primary 
reinforcement into the same frame- 
work by assuming that a primary re- 
inforcing stimulus has a relatively 
high cue strength which depends on 
drive conditions and the nature of the 
reinforcement. Primary reinforce- 
ment then becomes simply another 
stimulus in the ongoing chain. The 
concepts involved are represented 
diagrammatically in Fig. 1. 


* Much of the structure utilized here should 
be credited to Estes (1950). However, our 
use of the “uncommitted” function f(p;) 
reflects a difference in the general approach. 
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We will now analyze the operation 
of secondary reinforcement in a par- 
ticular experiment with the objective 
of showing restrictions on the function 
f(b;) implied by the experimental 
results. 


THE OBSERVING RESPONSE 
EXPERIMENT 


The relevant features of observing 
response experiments are illustrated 
very nicely by Prokasy’s (1956) 
T-maze experiment. Rats were rein- 
forced half of the time at random in 
either goal box after 30 sec. detention 
inadelay chamber. The delay cham- 
ber on the left was white on reinforced 
trials and black on nonreinforced 
trials. (Opposite colors and sides 
were used in counterbalancing groups.) 
Forced trials insured equal experience 
with both sides. Chambers on the 
right and left were made distinct by 
floors of different textures. A left 
turn represented an observing re- 
sponse as defined elsewhere (Prokasy, 
1956; Wyckoff, 1952). A clear pref- 
erence for the observing response was 
obtained asymptotically. 

Since this experiment is a special 
case of a delayed reinforcement ex- 
periment, the Spence-Hull (Spence, 
1947; Hull, 1943) analysis, which 
seems to be generally accepted, is 
directly applicable and implies that 
the learning of the response at the 
choice point is entirely dependent on 
immediate secondary reinforcement 
mediated by the delay stimuli. In 
the present case, the picture is compli- 
cated by the fact that there are three 
distinct kinds of delay stimuli. These 
can be called positive (white on the 
left in our example), negative (black 
on the left), and neutral (either color 
on the right). We will now see that 
two sources of secondary reinforce- 
ment are pitted against each other. 

At one hand, a left turn leads to a 


positive or negative delay chamber at 
random. The positive chamber 
would acquire secondary reinforcing 
value, since leaving this chamber al- 
ways leads to food. On the other 
hand, a right turn will always lead to 
a neutral delay chamber. This cham- 
ber would presumably also enjoy some 
secondary reinforcing value, since 
leaving it leads to food on half of the 
trials. Thus we have a relatively 
strong reinforcement on half of the 
trials for left turns pitted against an 
intermediate reinforcing effect for all 
right turns. In view of the experi- 
mental findings, an acceptable second- 
ary reinforcement theory must resolve 
this conflict in favor of left turns. 
Although the present analysis is made 
with reference to this particular study, 
other observing response experiments 
using procedures which are radically 
different in details, such as species and 
type of reinforcement, have yielded 
equivalent results (Kelleher, 1958; 
Wyckoff: 1951, 1952), suggesting that 
the findings are not dependent on the 
particular parameters of this one 
experiment. 

Applying the present formulation, 
let us first consider the cue strength of 
the positive, negative, and neutral 
delay chambers which we will denote 
as pa, Ps, and pn, respectively. The 
cue strength of primary reinforcement 
and of an empty goal box are assumed 
to be fixed and will be denoted as p’ 
and po’ respectively. Let pı = f(po’) 
and po = f(po'). It is implied that 
pı > po. Under these conditions it 
can be shown that as the number of 
trials increases : 


lim pa = pı (3) 
N> 
lim p = po (4) 
No 
lim pn & .5 (pı + po) (5) 
N= 
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Actually p, will not reach a fixed 
value but will fluctuate above and 
below a mean value of .5(pı + po) by 
an amount depending on @. Use of 
this mean value as an approximation 
will simplify the development and will 
not alter the conclusions. 

We now consider the strength of the 
responses of observing and nonobserv- 
ing (left and right turn) which we des- 
ignate as pz and pr. As the number 
of trials increases we find that: 


lim pr = 5O (ba) + f(ho)) (6) 
lim pr = f (pa) (7) 


Substituting limiting values from Equ- 
ations 3, 4, and 5, we obtain: 


lim pz S .S(f(1) + f(b2)) (8) 
lim pr S f(.5(pı + po)) (9) 


The experimental finding of a pref- 
erence for the observing responses im- 
plies asymptotic values of pr < pr 
and hence: 


f(-5(b1 + po)) 
< 5(f(p1) +f(ho)) (10) 


The values of po and pı in this in- 
equality represent the values which 
apply to the Prokasy experiment, al- 
though we have noted some grounds 
for expecting the same outcome over a 
wide range of values. 


SPECIFICATION OF ACCEPTABLE 
FUNCTIONS 


This inequality (Equation 10) im- 
mediately places certain restrictions 
on acceptable functions. First, the 
function f(x) = x is ruled out along 
with all other straight lines, since the 
use of a linear function produces 
equality between the two sides of 
Equation 10, rather than the required 
inequality. (The function f(x) = x 
was utilized by the author in a previ- 


ous model but is now seen to be inade- 
quate in the present framework 
[Wyckoff, 1954].) We can also elim- 
inate functions which are uniformly 
negatively accelerated since this con- 
dition implies a greater mean slope 
in the interval po < x < .5(po + 1) 
than in the interval .5(f1 + po) < x 
< pı, hence f(.5(61 + Po)) > .5(f(h1) 
+ f(p2)), contradicting Equation 10. 
This establishes that the function 
must show positive acceleration, at 
least in some region. Perhaps the 
simplest function satisfying our re- 
quirements is a uniformly positively 
accelerated curve such as f(x) = x”. 

The class of acceptable functions 
can be illustrated graphically by refer- 
ring to Fig. 2. The coordinates of 
the points A and C represent the 
values of pı, po, f(p1), and f(po) ap- 
plying in the Proksay experiment. 
A reference line is drawn between A 
and C, and the midpoint of this line is 
designated B. . Acceptable functions 
consist of continuous, nondecreasing 
curves running from A to C and pass- 
ing below the point B. Two freehand 
curves illustrate the possibilities of a 
uniformly accelerated curve and an 
inflected curve. 

We note that curves meeting this 
criterion must have a relatively steep 
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Fic. 2. Acceptable secondary reinforce- 
ment functions. Acceptable functions con- 
sist of continuous, nondecreasing curves run- 
ning from A to C, and passing below the 
point B. 
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segment somewhere in the upper 
region. We may also note further 
restrictions which would be placed on 
this function if we wished to make cer- 
tain further assumptions. For ex- 
ample, it might be reasonable to as- 
sume that the outcome of the experi- 
ment could not be reversed by altering 
the amount of reinforcement or the 
reinforcing value of the empty goal 
box. We might further assume that 
the direction of the outcome would 
not be reversed if other probabilities 
of reinforcement were used, as long as 
the probability remained the same on 
both sides. These assumptions would 
imply a curve which shows an acceler- 
ation greater than or equal to zero 
throughout. 

We have demonstrated the exist- 
ence of functions meeting the imposed 
requirements and have specified some 
ot the properties of such functions. 
A more specific quantitative model 
could be derived from the present de- 
velopment by adopting arbitrary func- 
tions from the acceptable set. Quan- 
titative curve fitting could then be 
attempted. 

Further development along these 
lines holds some potential interest. 
However, the writer is inclined to be- 
lieve that it will be more efficient to 
postpone further quantitative com- 
mitments until data bearing more 
directly on the nature of the function 
can be obtained. 

At this point it will be of interest to 
see how some of the qualitative im- 
plications of the formulation can be 
related to other experiments. We 
now turn to a couple of brief examples. 


EXAMPLES OF IMPLICATIONS FOR 
OTHER EXPERIMENTS 


The first is a “chaining” experiment 
using pigeons in a Skinner box (Fer- 


ster & Skinner, 1957, p. 679). In this 
experiment an S could bring about the 
onset of a stimulus by pecking a key, 
and could obtain primary reinforce- 
ment by further pecking in the pres- 
ence of the stimulus. 

A variable interval schedule was 
used and measures of rate of respond- 
ing were obtained in both “links” of 
the chain; i.e., both before (first link) 
and after (second link) the onset of 
the stimulus. Responding in the first 
and second links of the chain can be 
attributed to secondary reinforcing 
and cue properties of the stimulus 
respectively. 

After extensive training, satiation 
curves were obtained in a continuous 
session. According to the present 
formulation a decline in the cue 
strength of a stimulus should be ac- 
companied by an even more rapid 
decline in its secondary reinforcing 
value. Hence, as motivation de- 
creased in this experiment, we would 
expect the rate of responding in the 
first link to decline more rapidly than 
that in the second link. The results 
conform to this expectation in a very 
striking way. Data were available 
for a six hour interval for each of two 
Ss. In the first two hours the rate in 
the first link was roughly 50% of that 
in the second. In the last two hours 
the rate in the second link averaged 
73% of its initial value, whereas the 
rate in the first link had dropped to an 
average of 15% of its initial value. 
Similar results have been obtained in 
some exploratory chaining experi- 
ments with rats in our laboratory. 

A somewhat different kind of ex- 
periment, to which the present formu- 
lation can be applied, is reported by 
Leventhal (1955). In this experi- 
ment rats were run in a T maze with 
a 30 sec. delay in either arm. The 
left goal box was baited with one food 
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pellet on every trial, while the right 
goal box was baited with two pellets 
on half of the trials at random. (Op- 
posite goal boxes were used with 
counterbalancing groups.) A clear 
preference for the two pellet side was 
obtained after considerable training. 

It will be convenient here to use the 
function f(x) = x* as a simple repre- 
sentative of our set of acceptable sec- 
ondary reinforcement functions. It 
should be made clear that no commit- 
ment to this particular function is 
intended. The general line of argu- 
ment would apply equally well with 
other members of the set. If we as- 
sume for the moment that the cue 
strength of one food pellet is p and 
two pellets is 2p, we find that the cue 
strength of the left delay chamber will 
approach p? and that of the right 
chamber will approach a mean value 
of .5(2p)? or 2p. The response of 
turning left would then approach 
(p)? or pt, while the response of 
turning right would approach (2p*)? 
or 4p*. Thus, at asymptote, the 
strength of right turns would exceed 
that of left turns by a factor of 4. 

Actually it would be hard to justify 
the assumption that the cue strength 
of two pellets is twice as great as that 
of one, but the prediction would be in 
the same direction even if this ratio 
was considerably smaller. 

These two examples were selected 
because they represent cases where 
current conditioning theory would not 
seem to provide any prediction one 
way or the other. In the case of the 
chaining experiment we could appeal 
to the “goal gradient” notion, but 
would not find enough detail to allow 
a prediction. Furthermore, the Hull- 
Spence analysis of delayed reinforce- 
ments seems to bring us right back 
to the problem of secondary reinforce- 
ment. 


In the case of Leventhal’s experi- 
ment we are clearly concerned with 
effects of frequency and amount of 
reinforcement, but again the relevant 
previous postulates do not provide 
enough detail for prediction. Perkins’ 
(1956) ingenious formulation, regard- 
ing the effects of reinforcement and 
appropriate preparatory responses, 
might be brought to bear, but un- 
fortunately it would seem to lead to 
the opposite prediction. Optimal pre- 
paratory responses could occur only 
on the one pellet side and thus, ac- 
cording to this formulation, reinforc- 
ing effects on this side should be 
enchanced. 

These examples provide further in- 
dications of a gap in current condi- 
tioning theory which may be filled by 
development along the lines of the 
present formulation. They also re- 
emphasize the fact that a theory of 
secondary reinforcement will probably 
have implications for a diverse array 
of learning experiments, and that any 
progress here holds promise of clarify- 
ing and increasing the acuity of our 
interpretation of experiments in this 
broad class. 


COMMENT ON DIFFICULTIES IN 
Previous EXPERIMENTS 


One final matter deserves some com- 
ment. In Part I of this paper we ob- 
served a kind of capriciousness of 
secondary reinforcing effects in ex- 
periments aimed at obtaining direct 
measures. One implication of the 
present formulation gives a suggestion 
of a possible source of these difficulties. 
Referring to the examples of accept- 
able secondary reinforcement func- 
tions in Fig. 2, we see that it is possi- 
ble for a moderately strong cue to have 
very slight secondary reinforcing 
value, a very strong cue being re- 
quired to obtain an appreciable effect. 
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This moderately strong primary rein- 
forcement, which would be quite ade- 
quate in other learning experiments, 
could readily fail to establish an ap- 
preciable secondary reinforcing effect. 
Relatively small primary reinforce- 
ments have been used in many sec- 
ondary reinforcement experiments. 
Perhaps more important is the fact 
that a rapid drop in cue strength is 
typically seen immediately following 
the initiation of extinction. Thus, 
when secondary reinforcement tests 
are made during extinction, it is quite 
plausible to assume that cue strength 
would drop almost immediately to a 
point where secondary reinforcement 
would be ineffective. Note that in- 
termittent reinforcement training has 
been found to be favorable to second- 
ary reinforcement by Saltzman (1949) 
and by Zimmerman (1957). Here 
the sudden drop in cue strength would 
be attenuated. These considerations 
may help to explain some of the diffi- 
culties that have been encountered. 
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ONE-TAILED TESTS AND “UNEXPECTED” RESULTS: 
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University of Buffalo 


There has been much controversy 
(Burke: 1953, 1954; Hick, 1953; Jones: 
1952, 1954; Marks: 1951, 1953) regard- 
ing the use of the one-tailed test of sig- 
nificance. The important question de- 
bated is not if it should be used, but 
rather when it should be used. Kimmel 
(1957) has recently attempted to resolve 
the controversy by suggesting criteria 
for the use of one-tailed tests. He main- 
tains that one-tailed tests may be used 
when results in the opposite direction: 
(a) will not be used to determine any 
new course of behavior, (b) will be psy- 
chologically meaningless, or (c) cannot 
be deduced by any psychological theory, 
while an outcome in the expected direc- 
tion can. It is these last two instances 
that will be dealt with in this paper. 

When an experimenter uses a one- 
tailed test and finds that his results are 
in disagreement with his prediction (i.e., 
if they are in the opposite direction and 
would have been statistically significant 
had a two-tailed test been used), he can 
do one of several things. One course of 
action is simply to ignore these findings. 
Tn practical problems (e.g., deciding 
whether or not to introduce new ma- 
chinery for production), this approach, 
which is consistent with Kimmel’s first 
criterion, is quite acceptable. With re- 
gard to this practice in psychology, on 
the other hand, Burke has quite correctly 
Pointed out that “It is to be doubted 
whether experimental psychology, in its 
Present state, can afford such lofty indif- 
ference toward experimental surprises” 
(Burke, 1953, pp. 385-386). Because an 
Outcome is not deducible from any exist- 
ing theory does not mean that it could 
not be deduced from future theories. 
The implicit assumption in this practice 
1s that no new theoretical approaches will 


*The writer is greatly indebted to K. H. 
Kurtz for his critical evaluation of this 
Paper. 
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be advanced in the future, and that the 
task of psychology as a science is to con- 
firm the presently existing theories. A 
similar criticism might be made of Kim- 
mel’s criterion of unpredicted differ- 
ences being “psychologically meaning- 
less.” He defines the “possible meaning” 
of a difference in the unpredicted direc- 
tion “. . . in terms of previous data and 
present conditions” (Kimmel, 1957, p. 
352). Whether or not it is “possible” 
for a given proposition to have meaning, 
however, depends upon whether or not 
it is capable of confirmation (Carnap, 
1953). It seems that what Kimmel is 
referring to when he speaks of the “pos- 
sible meaning” of a given outcome is 
actually the degree to which a proposi- 
tion regarding this outcome (i.e., one 
that states that such an event does not 
fit into an existing psychological theory) 
has been confirmed. Thus, since “psy- 
chological meaningfulness” in this sense 
will change as our knowledge increases, 
criticisms made of the criterion of theo- 
retical predictability apply here as well. 

The experimenter might, on the other 
hand, wish to take cognizance of his un- 
expected findings. To do so, however, 
he must adopt the procedure of changing 
his original null hypothesis. Instead of 
testing the hypothesis that pı < py (one- 
tailed), he might test the hypothesis that 
pı = pe (two-tailed).? However, if this 
practice is adopted, there will be an 
increase in the probability of making a 
Type I error. This results from the 
combination of the probality of com- 
mitting a Type I error when using the 
original null hypothesis with the prob- 
ability associated with the new null hypo- 
thesis. For example, suppose one has 
adopted the .05 level of significance when 


2Some experimenters might make the 
even greater change. in their null hypothesis 
by testing sw: pa (one-tailed, but in the 
opposite direction). 
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using a one-tailed test; the probability 
of making a Type I error is thus .05 
(the probability associated with the criti- 
cal region in the given tail). If the null 
hypothesis is changed to account for the 
difference which is statistically signifi- 
cant in the opposite direction, what is 
actually being used now is a two-tailed 
test. Was this to be used originally (i.e., 
before the study was conducted), the 
probability of the experimenter commit- 
ting a Type I error would be .05 (.025 
being associated with the critical point 
in each direction). Since this null hypo- 
thesis has been adopted after the decision 
had been made to use a one-tailed test 
(with its associated probability of mak- 
ing this error), the probability of this 
researcher committing a Type I error 
is now .075 (i.e. .05 when Hy: py < po 
plus .025 related to the “unexpected” 
direction when H,:y,=p,)- It should 
also be noted that even an experimenter 
who believes he has the option to use 
such a procedure is operating under the 
075 level of significance—whether or 
not he has occasion to test a difference 
in the “unexpected” direction. Thus, 
whether he knows it or not, such an 
investigator is using a two-tailed test 
with one tail twice as large as the other. 
Another possible course of action 
would be to repeat the experiment, now 
using a two-tailed test. Assuming that 
the errors of measurement are not sig- 
nificantly greater in this replication and 
this experimenter obtains the same re- 
sults, he may now conclude that his 
findings in the previously unexpected 
direction are significant. Thus, the de- 
cision to use a one-tailed test may result 
in the necessity of repeating the study if 
results appear in the opposite direction. 
The above considerations indicate that 
the criteria of theoretical predictability 
and psychological meaninglessness are 
not as decisive as they may appear to be. 
Three possible courses of action available 
when results occur in the unpredicted 
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direction each present difficulties.’ Zg- 
noring differences in the “unexpected” 
direction leads to the omission of findings 
which may have important theoretical 
significance, and thus stifles any fresh 
theoretical thinking that might have 
otherwise emerged. If the differences 
are recognized by switching to a two- 
tailed test within a given study, psychol- 
ogy as a science may unwittingly be led 
to operate under conclusions with a lower 
level of statistical significance. The third 
approach, repeating the experiment and 
applying a two-tailed test to this new set 
of data, might be undesirable in terms 
of the time, expense, etc. that would be 
involved. The decision to use a one- 
tailed test should thus be made in light of 
the difficulties with which the investigator 
is confronted when the results occur in 
the “unexpected” direction. 
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ON THE POSSIBLE PSYCHOPHYSICAL LAWS: 
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This paper is concerned with the 
century-old effort to determine the 
functional relations that hold between 
subjective continua and the physical 
continua that are presumed to underlie 
them. The first, and easily the most 
influential, attempt to specify the pos- 
sible relations was made by Fechner. 
It rests upon empirical knowledge of 
how discrimination varies with inten- 
sity along the physical continuum and 
upon the assumption that jnd’s are 
subjectively equal throughout the con- 
tinuum. When, for example, discrimi- 
nation is proportional to intensity 
(Weber’s law), Fechner claimed that 
the equal-jnd assumption leads to a 
logarithmic relation (Fechner’s law). 

This idea has always been subject 
to controversy, but recent attacks upon 
it have been particularly severe. At 
the theoretical level, Luce and Edwards 
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NSF-G 5544 from the National Science 
Foundation, 

Ward Edwards, E. H. Galanter, Frederick 
Mosteller, Frank Restle, S. S. Stevens, and 
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(1958) have pointed out that Fechner’s 
mathematical reasoning was not sound. 
Among other things, his assumption is 
not sufficient to generate an interval 
scale. By recasting his problem some- 
what—essentially by replacing the 
equal-jnd assumption with the some- 
what stronger condition that “equally 
often noticed differences are equal, ex- 
cept when always or never noticed” — 
they were able to show that an interval 
scale results, and to present a mathe- 
matical expression for it. Their work 
has no practical import when Weber's 
law, or its linear generalization Ax 
=ax+b, is true, because the loga- 
rithm is still the solution, but their jnd 
scale differs from Fechner’s integral 
when Weber's law is replaced by some 
other function relating stimulus jnd’s 
to intensity. 

At the empirical level, Stevens 
(1956, 1957) has argued that jnd’s are 
unequal in subjective size on intensive, 
or what he calls prothetic, continua—a 
contention supported by considerable 
data—and that the relation between the 
subjective and physical continua is the 
power function ex, not the logarithm. 
Using such “direct” methods as mag- 
nitude estimation and ratio production, 
he and others (Stevens: 1956, 1957; 
Stevens & Galanter, 1957) have accu- 
mulated considerable evidence to but- 
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tress the empirical generality of the 
power function. Were it not for the 
fact that some psychophysicists are un- 
easy about these methods, which seem 
to rest heavily upon our experience 
with the number system, the point 
would seem to be established. In an 
effort to bypass these objections, Ste- 
vens (1959) has recently had subjects 
match values between pairs of con- 
tinua, and he finds that the resulting 
relations are power functions whose 
exponents can be predicted from the 
magnitude scales of the separate vari- 
ables. Thus, although much remains 
to be learned about the “direct” meth- 
ods of scaling, the resulting power 
functions appear to summarize an in- 
teresting body of data. 

Given these empirical results, one is 
challenged to develop a suitable formal 
theory from which they can be shown 
to follow. There can be little doubt 
that, as a starting point, certain com- 
monly made assumptions are inappro- 
priate: equality of jnd’s, equally often 
noticed differences, and Thurstone’s 
equal variance assumption. Since, 
however, differences stand in the same 
—logarithmic—relation to ratios as 
Fechner’s law does to the power func- 
tion, a reasonable starting point might 
seem to be the assumption that the 
subjective ratio of stimuli one jnd apart 
is a constant independent of the stimu- 
lus intensity. Obvious as the proce- 
dure may seem, in my opinion it will 
not do. Although generations of psy- 
chologists have managed to convince 
themselves that the equal-jnd assump- 
tion is plausible, if not obvious, it is 
not and never has been particularly 
compelling; and in this respect, an 
equal-ratio assumption is not much dif- 
ferent. This is not to deny that sub- 
jective continua may have the equal- 
ratio property—they must if the power 
law is correct and Weber’s law holds— 
but rather to argue that such an as- 


sumption is too special to be acceptable 
as a basic axiom in a deductive theory. 
Elsewhere (Luce, in press), I have 
suggested another approach. An ax- 
iom, or possible law, of wide applica- 
bility in the study of choice behavior, 
may be taken in conjunction with the 
linear generalization of Weber's law to 
demonstrate the existence of a scale 
that is a power function of the physical 
continuum. Although that theory 
leads to what appears to be the correct 
form, it is open to two criticisms. 
First, the exponent predicted from dis- 
crimination data is at least an order 
of magnitude larger than that obtained 
by direct scaling methods. Second, the 
theory is based upon assumptions 
about discriminability, and these are 
not obviously relevant to a scale deter- 
mined by another method. Scales of 
apparent magnitude may be related to 
jnd scales, but it would be unwise to 
take it for granted that they are. 
The purpose of this paper is to out- 
line still another approach to the prob- 
lem, one that is not subject to the last 
criticism. The results have applicabil- 
ity far beyond the bounds of psycho- 
physics, for they concern the general 
question of the relation between meas- 
urement and substantive theories. 


TYPES oF SCALES 


Although familiarity may by now 
have dulled our sense of its importance, 
Stevens’ (1946, 1951) stress upon the 
transformation groups that leave cer- 
tain specified scale properties invariant 
must, I think, be considered one of the 
more striking contributions to the dis- 
cussion of measurement in the past few 
decades. Prior to his work, most writ- 
ers had put extreme emphasis upon the 
property of “additivity,” which is a 
characteristic of much physical meas- 
urement (Cohen & Nagel, 1934). It 
was held that this property is funda- 
mental to scientific measurement and, 
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indeed, the term “fundamental meas- 
urement” was applied only to these 
scales. This contention, however, puts 
the nonphysical sciences in a most pe- 
culiar fix, Since no one has yet dis- 
covered an “additive” psychological 
variable, it would seem that psychology 
can have no fundamental measures of 
its own. This conclusion might be 
acceptable if we could define psycho- 
logical measures in terms of the funda- 
mental physical scales, i.e., as “derived” 
scales, but few of the things we want 
to measure seem to be definable in this 
way. So either rigorous psychological 
measurement must be considered im- 
possible or additive empirical opera- 
tions must not be considered essential 
to measurement. What is important 
is not additivity itself, but the fact that, 
when it is coupled with other plausible 
assumptions, it sharply restricts the 
class of transformations that may be 
applied to the resulting scale. Spe- 
cifically, it makes the scale unique ex- 
cept for multiplication by positive con- 
stants, i.e., changes of unit. Additivity 
is not the only property that an assign- 
ment of numbers to objects or events 
may have which sharply limits the 
admissible transformations. Some of 
these other properties appear applicable 
and televant to psychological variables, 
and so in this sense psychological 
measurement appears to be possible. 
By a theory of measurement, I shall 
mean the following. One or more op- 
erations and relations are specified over 
a set of objects or events (the variable), 
and they are characterized by a num- 
ber of empirically testable assumptions. 
In addition, it must be possible to as- 
sign numbers to the objects and to 
identify numerical operations and rela- 
tions with the empirical operations and 
relations in such a way that the nu- 
merical operations represent (are iso- 
morphic to) the empirical ones. In 
other words, we have a measurement 


theory whenever (a) we have a system 
of rules for assigning numerical values 
to objects that are interrelated by as- 
sumptions about certain empirical op- 
erations involving them, and (b) these 
rules let us set up an isomorphic rela- 
tion between some properties of the 
number system and some aspects ‘of 
the empirical operations. 

One of the simplest examples of a 
theory of measurement is a finite set 
(of goods) ordered by a binary (pref- 
erence) relation P that is assumed to ` 
be antisymmetric and transitive. A 
scale u can be assigned to the set in 
such a manner that it represents P in 
the sense that Py if and only if u(x) 
> u(y). 

By the scale type, I shall mean the 
group of transformations that result in 
other isomorphic representations of the 
measurement theory. In the preceding 
example any strictly monotonic increas- 
ing transformation will do, and scales 
of this type are known as ordinal. 
Any transformation chosen from the 
scale type will be said to be an admissi- 
ble transformation. 

It should be re-emphasized that quite 
divergent measurement theories may 
lead to the same scale type. For ex- 
ample, Case V of Thurstone’s law of 
comparative judgment (1927) and the 
yon Neumann-Morgenstern utility ax- 
ioms (1947) both result in interval 
scales (of something), yet the basic 
terms and assumptions involved are 
totally different, even though both 
theories can be applied to the same 
subject matter. Of course, the result- 
ing interval scales may not be linearly 
related, for they may be measuring 
different things. 

A measurement theory may be con- 
trasted with what I shall call a sub- 
stantive theory. The former involves 
operations and assumptions only about 
a single class of objects which is treated 
as a unitary variable, whereas the lat- 
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ter involves relations among two or 
more variables. In practice, substan- 
tive theories are usually stated in terms 
of functional relations among the scales 
that result from the several measure- 
ment theories for the variables involved. 

For a number of purposes, the scale 
type is much more crucial than the 
details of the measurement theory from 
which the scale is derived. For exam- 
ple, much attention has been paid to 
the limitations that the scale type 
places upon the statistics one may sen- 
sibly employ. If the interpretation of 
a particular statistic or statistical test 
is altered when admissible scale trans- 
formations are applied, then our sub- 
stantive conclusions will depend upon 
which arbitrary representation of the 
scale we have used in making our cal- 
culations. Most scientists, when they 
understand the problem, feel that they 
should shun such statistics and rely 
only upon those that exhibit the ap- 
propriate invariances for the scale type 
at hand. Both the geometric and arith- 
metic means are legitimate in this sense 
for ratio scales (unit arbitrary), only 
the latter is legitimate for interval 
scales (unit and zero arbitrary), and 
neither for ordinal scales. For fuller 
discussions, see Stevens: 1946, 1951, 
1955; for a somewhat less strict inter- 
pretation of the conclusions, see Mos- 
teller, 1958. 

A second place where the transfor- 
mation group imposes limitations is in 
the construction of substantive theories. 
These limitations seem to have received 
far less attention than the statistical 
questions, even though they are un- 
doubtedly more fundamental. The re- 
mainder of the paper will attempt to 
formulate the relation between scale 
types and functional laws, and to an- 
swer the question what psychophysical 
laws are possible. As already pointed 
out, these issues have scientific rele- 
vance beyond psychophysics. 


A PRINCIPLE OF THEORY 
CONSTRUCTION 


In physics one finds at least two 
classes of basic assumptions: specific 
empirical laws, such as the universal 
law of gravitation or Ohm’s law, and 
a priori principles of theory construc- 
tion, such as the requirement that the 
laws of mechanics should be invariant 
under uniform translations and rota- 
tions of the coordinate system. Other 
laws, such as the conservation of en- 
ergy, seem to have changed from the 
empirical to the a priori category dur- 
ing the development of physics. In 
psychology more stress has been put 
on the discovery of empirical laws than 
on the formulation of guiding princi- 
ples, and the search for empirical rela- 
tions tends to be pursued without the 
benefit of explicit statements about 
what is and is not an acceptable the- 
ory.? Since such principles have been 
used effectively in physics to limit the 
possible physical laws, one wonders 
whether something similar may not be 
possible in psychology. 

Without such principles, practically 
any relation is a priori possible, and 
the correct one is difficult to pin down 
by empirical means because of the ever 
present errors of observation. The 
error problem is particularly acute in 
the behavioral sciences. On the other 
hand, if a priori consideration about 
what constitutes an acceptable theory 
limits us to some rather small set of 
possible laws, then fairly crude obser- 


2 Two attempts to introduce and use such 
statements in behavioral problems are the 
combining of classes condition in stochastic 
learning theory (Bush, Mosteller, & Thomp- 
son, 1954) and some work on the form of 
the utility function for money which is based 
upon the demand that certain game theory 
solutions should remain unchanged when a 
constant sum of money is added to all the 
payoffs (Kemeny & Thompson, 1957). In 
neither case do the conditions seem particu- 
larly compelling. 
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vations may sometimes suffice to decide 
which law actually obtains. 

The principle to be suggested appears 
to be a generalization of one used in 
physics. It may be stated as follows. 


A substantive theory relating two 
or more variables and the meas- 
urement theories for these varia- 
bles should be such that: 

1. (Consistency of substantive 
and measurement theories) Admis- 
sible transformations of one or 
more of the independent variables 
shall lead, via the substantive the- 
ory, only to admissible transfor- 
mations of the dependent variables. 

2. (Invariance of the substan- 
tive theory) Except for the nu- 
merical values of parameters that 
reflect the effect on the dependent 
variables of admissible transfor- 
mations of the independent vari- 
ables, the mathematical structure 
of the substantive theory shall be 
independent of admissible trans- 
formations of the independent 
variables. 


In this principle, and in what fol- 
lows, the terms independent and de- 
pendent variables are used only to 
distinguish the variables to which arbi- 
trary, admissible transformations are 
imposed from those for which the 
transformations are determined by the 
substantive theory. As will be seen, 
in some cases the labeling is truly arbi- 
trary in the sense that the substantive 
theory can be written so that any vari- 
able appears either in the dependent 
or independent role, but in other cases 
there is a true asymmetry in the sense 
that some variables must be dependent 
and others independent if any substan- 
tive theory relates them at all. 

_One can hardly question the con- 
Sistency part of the principle. If an 
admissible transformation of an inde- 
pendent variable leads to an inadmissi- 


ble transformation of a dependent vari- 
able, then one is simply saying that the 
strictures imposed by the measurement 
theories are incompatible with those 
imposed by the substantive theory. 
Such a logical inconsistency must, I 
think, be interpreted as meaning that 
something is amiss in the total theo- 
retical structure. 

The invariance part is more subtle 
and controversial. It asserts that we 
should be able to state the substantive 
laws of the field without reference to 
the particular scales that are used to 
measure the variables. For example, 
we want to be able to say that Ohm’s 
law states that voltage is proportional 
to the product of resistance and current 
without specifying the units that are 
used to measure voltage, resistance, or 
current. Put another way, we do not 
want to have one law when one set of 
units is used and another when a differ- 
ent set of units is used. Although this 
seems plausible, there are examples 
from physics that can be viewed as a 
particular sort of violation of Part 2; 
however, let us postpone the discussion 
of these until some consequences of the 
principle as stated have been derived. 

The meaning of the principle may 
be clarified by examples that violate it. 
Suppose it is claimed that two ratio 
scales are related by a logarithmic law. 
An admissible transformation of the 
independent variable + is multiplication 
by a positive constant k, i.e., a change 
of unit. However, the fact that log 
kx = log k + log x means that an in- 
admissible transformation, namely, a 
change of zero, is effected on the de- 
pendent variable. Hence, the loga- 
rithm fails to meet the consistency 
requirement. Next, consider an expo- 
nential law, then the transformation 
leads to e*=(e*)*. This can be 
viewed either as a violation of con- 
sistency or of invariance. If the law 
is exponential, then the dependent vari- 


86 R. Duncan Luce 


able is raised to a power, which is 
inconsistent with its being a ratio scale. 
Alternatively, the dependent variable 
may be taken to be a ratio scale, but 
then the law is not invariant because 
it is an exponential raised to a power 
that depends upon the unit of the inde- 
pendent variable. 


AN APPLICATION OF THE PRINCIPLE 


Most of the physical measures en- 
tering into psychophysics are idealized 
in physical theories in such a way that 
they form either ratio or interval 
scales. Mass, length, pressure, and 
time durations are measured on ratio 
scales, and physical time (not time 
durations), ordinary temperature, and 
entropy are measured on interval 
scales. Of course, differences and de- 
rivatives of interval scale values con- 
stitute ratio scales. 

Although most psychological scales 
in current use can at best be con- 
sidered to be ordinal, those who have 
worked on psychological measurement 
theories have attempted to arrive at 
scales that are either ratio or interval, 
preferably the former. Examples: 
the equally often noticed difference 
assumption and the closely related 
Case V of Thurstone’s “law of com- 
parative judgment” lead to interval 
scales; Stevens has argued that mag- 
nitude estimation methods result in 
ratio scales (but no measurement the- 
ory has been offered in support of this 
plausible belief) ; and I have given suf- 
ficient conditions to derive a ratio 
scale from discrimination data. Our 
question here, however, is not how 
well psychologists have succeeded in 
perfecting scales of one type or an- 
other, but what a knowledge of scale 
types can tell us about the relations 
among scales. 

In addition to these two common 
types of scales, there is some interest 
in what have been called logarithmic 


interval scales (Stevens, 1957). In this 
case the admissible transformations 
are multiplications by positive con- 
stants and raising to positive powers, 
i.e., kx*, where k > 0 and c > 0. The 
name applied to this scale type re- 
flects the fact that log x is an interval 
scale, since the transformed scale goes 
into c log x + log k. We will consider 
all combinations of ratio, interval, and 
logarithmic interval scales. 

Because this topic is more general 
than psychophysics, I shall refer to 
the variables as independent and de- 
pendent rather than physical and psy- 
chological. Both variables will be 
assumed to form numerical continua 
having more than one point. Let 
x > 0 denote a typical value of the 
independent variable and u(x) > 0 
the corresponding value of the de- 
pendent variable, where u is the un- 
known functional law relating them. 
Suppose, first, that both variables 
form ratio scales. If the unit of the 
independent variable is changed by 
multiplying all values by a positive 
constant k, then according to the 
principle stated above only an ad- 
missible transformation of the de- 
pendent variable, namely multiplica- 
tion by a positive constant, should re- 
sult and the form of the functional law 
should be unaffected. That is to say, 
the changed unit of the dependent 
variable may depend upon &, but it 
shall not depend upon x, so we denote 
it by K(k). Casting this into mathe- 
matical terms, we obtain the func- 
tional equation 


u(kx) = K (k)u (oc) 


where k > 0 and K(k) > 0, 
Functional equations for the other 
cases are arrived at in a similar man- 
ner. They aresummarized in Table 1. 
The question is: What do these nine 
functional equations, each of which 
embodies the principle, imply about 
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TABLE 1 
THE FUNCTIONAL EQUATIONS FOR THE Laws SATISFYING THE 


PRINCIPLE OF THEORY CONSTRUCTION 


Scale Types 
Ne Ea ri Functional Equation Comments 
Independent Dependent 
Variable Variable 
1 ratio ratio | u (kx) =K (k)u (x) k>0, K(k)>0 
2 ratio | interval u (kx) =K (k)u(x)+C(k) | k>0, K(k)>0 
s.i ratio log interval | u (kx) =K(k)u(x)e™ | k>0, K(k)>0, C(k)>0 
4 interval ratio u(kx +c) =K (k,c)u (x) | k>0, K(k,c) >0 
5 | interval interval u(kx+c) =K (k,c)u (x) | k>0, K(k,c) >0 
| |  +C(kie) | 
6 interval log interval | u(kx-+c)=K(k,c)u(x)°®° | k>0, K(k,c)>0, Clk,c) >0 
7 | log interval ratio u(kx*) =K (k,c)u(x) k>0, c>0, K(k,c)>0 
8 | log interval interval u(kx*) =K(k,c)u(x)+C(k,c) | k>0, c>0, K(k,c) >0 
9 | log interval | log interval | u(kx°)=K(k,c)u(x)O®© k>0, c>0, K (k,e) >0, 
| C(k,c) >0 


the form of u? We shall limit our 
consideration to theories where w is 
a continuous, nonconstant function 
of x. 


Theorem 1. If the independent and 
dependent continua are both ratio scales, 
then u(x) = ax®, where B is independent 
of the units of both variables.* 


Proof. Set x = 1 in Equation 1, then 
u(k) = K(k)u(1). Because u is non- 
constant we may choose k so that 
u(k) > 0, and because K(k) > 0, it 
follows that u(1) > 0, so K (k) = u(k)/ 
u(1). Thus, Equation 1 becomes u(kx) 


‘In this and in the following theorems, 
the statement can be made more general if 
7 is replaced by + + y, where y is a constant 
independent of v but having the same unit as 
x. The effect of this is to place the zero of 
u at some point different from the zero of x. 
In Psychophysics the constant y may be re- 
garded as the threshold. The presence of 
such a constant means, of course, that a plot 
of log u vs. log v will not in general be a 
straight line. If, however, the independent 
variable is measured in terms of deviations 
from the threshold, the plot may become 
straight. Such nonlinear plots have been 
Observed, and in at least some instances the 
degree of curvature seems to be correlated 
with the magnitude of, the threshold. Fur- 
ther empirical work is needed to see whether 
this is a correct explanation of the curvature. 


=u(k)u(x)/u(1). Letu=log[u/u(1)], 
then 


v(kx) 


log [u(kx)/u(1) J 

u(k)u(x) 
°S u(1)u(1) 
log [u(k)/u(1)] 

+ log [u(x)/u(1)] 

v(k) + v(x) 
Since u is continuous, so is v, and it is 
well known that the only continuous 


solutions to the last functional equa- 
tion are of the form 


=l 


ad u(x) = Blog x 
= log x? 
Thus, © 
u(x) = ae?) 
= axé 
where a = u(1). 
We observe that since 
u(kx) = akPx® = a'x? 


8 is independent of the unit of x, and 
it is clearly independent of the unit 
of u. 

Theorem 2. If the independent con- 
tinuum is a ratio scale and the depend- 
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ent continuum an interval scale, then 

either u(x) = alogx + 8, where a is 

independent of the unit of the inde- 

pendent variable, or u(x) = ax? + ô,- 
where B is independent of the units of 

both variables and ô is independent of 

the unit of the independent variable. 


Proof. In solving Equation 2, there 
are two possibilities to consider. 

1. If K(k) = 1, then define v = e“. 
Equation 2 becomes v (kx) = D(k)u(x), 
where D(k) = e© > 0 and v is con- 
tinuous, positive, and nonconstant be- 
cause vis. By Theorem 1, v(x) = dx, 
where a is independent of the unit of 
x and where 6 > 0 because, by defini- 
tion,v > 0. Taking logarithms, u(x) 
=a log x+8, where £= log ô. 

2. If K(k) #1, then let u and u* 
be two different solutions to the prob- 
lem, and define w = u* — u. It fol- 
lows immediately from Equation 2 
that w must satisfy the functional 
equation w(kx) = K(k)w(x). Since 
both v and u* are continuous, so is w; 
however, it may be a constant. Since 
K(k) #1, it is clear that the only 
constant solution is w = 0, and this is 
impossible since v and u* were chosen 
to be different. Thus, by Theorem 1; 
w(x) = ax’. Substituting this into the 
functional equation for w, it follows 
that K(k)=k8. Then setting x = 0 
in Equation 2, we obtain C(k) = u(0) 
X(1 — kê). We now observe that 
u(x) = ax® + ô, where 6 = u(0), is a 
solution to Equation 2: 


u(kx) = ak®x®+6 

akfx +u (0)kê +u (0) —u(0) 28 
kêu (x) +u (0) (1-8) 

= K(k)u(x)+C(k) 


Any other solution is of the same form 
because 


Il 
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It is easy to see that ô is independent 
of the unit of x and £$ is independent 
of both units. 

A much simpler proof of this theo- 
rem can be given if we assume that u 
is differentiable in addition to being 
continuous. Since the derivative of an 
interval scale is a ratio scale, it follows 
immediately that du/dx satisfies 


d 
Equation 1 and so, by Theorem 1, = 


dx 
ax?. Integrating, we get 
Pitot 


u(x) -| 
a logx+ô if p= — 


Theorem 3. If the independent con- 
tinuum is a ratio scale and the depend- 
ent continuum is a logarithmic interval 
scale, then either u(x) = õe, where a 
is independent of the unit of the de- 
pendent variable, B is independent of the 
units of both variables and ô is inde- 
pendent of the unit of the independent 
variable, or u(x) = ax®, where B is in- 
dependent of the units of both variables. 


———x6H 45 if Bx —1 


Proof. Take the logarithm of Equa- 
tion 3 and let v = log u: 


v(kx) = K*(k) + C(k)v(x) 
where K*(k) = log K(k). By Theo- 
rem 2, either 
v(x) = ax? + 6* or v(x) = Blogx + a” 


Taking exponentials, either 


u(x) = ôe or u(x) = ax? 
where ô = e** and, in the second equa- 
tion, a = e**, 


„Theorem 4. If the independent con- 
tinuum is an interval scale, then it is 


_tmpossible for the dependent continuum 


u* (x) 


u(x) + w(x) 
ax? + ô + ax? 
(a + a)x® + 6 


i] 


to be a ratio scale, 


Proof. Let ¢ = 0in Equation 4, then 


by Theorem 1 we know u(x) = ax’. | 
| 


É 


On THE PosstBLE PsycuopHysicaL Laws 89 


Now set k = 1 and c ¥ 0 in Equa- 
tion 3: 


a(x + c)? = K(1,c)ax® 


x +e = K(1,e)'8&x 


which implies x is a constant, con- 
trary to our assumption that both 
continua have more than one point. 


Theorem 5. If the independent and 
dependent continua are both interval 
scales, then u(x) = ax + B, where B is 
independent of the unit of the inde- 
pendent variable. 


Proof. If we let c = 0, then Equa- 
tion 5 reduces to Equation 2 and so 
Theorem 2 applies. If u(x) = a log x 
+ 8, then choosing k = 1 and c #0 
in Equation 5 yields 


a log (x + c) + 8 = K(1,c)a log x 
+ K(1,c)8 + C(1,¢) 


By taking the derivative with respect 
to x, it is easy to see that x must be 
a constant, which is impossible. 

Thus, we must conclude that u(x) 
= ax? + 6. Again, set k =1 and 
c¢#0, 


a(x + c)? = K(1,c)axé 
+ K(1,¢)8 + C(1,¢) 


If 6 = 1, then differentiate with re- 
spect to x: 


aô(x +c) = K(1,c)adx° 


which implies x is a constant, so we 
must conclude 5=1. It is easy to see 
as u(x) = ax + 8 satisfies Equation 


_ Theorem 6. If the independent con- 
tinuum is an interval scale and the 
dependent continuum is a logarithmic 
interval scale, then u(x) = ae®*, where 
a ts independent of the unit of the inde- 
Pendent variable and b is independent 
of the unit of the dependent variable. 


Proof. Take the logarithm of Equa- 
tion 6 and let v = log u: 


v(kx + c) = K*(k,c) + C(k,c)v(x) 


where K*(k,c) = log K(k,c). By 


Theorem 5, 
v(x) = Bx+a* 


u(x) = ae” 
where a = e*, 


Theorem 7. If the independent con- 
tinuum is a logarithmic interval scale, 
then it is impossible for the dependent 
continuum to be a ratio scale. 


Proof. Let v(log x) = u(x), i.e., v(y) 
= u(e”), then Equation 7 becomes 


v(log k + clog x) = K(k,c)u(log x) 


Thus, log x is an interval scale and v is 
a ratio scale, which by Theorem 4 is 
impossible. 


Theorem 8. If the independent con- 
tinuum is a logarithmic interval scale 
and the dependent continuum is an in- 
terval scale, then u(x) = alogx + B, 
where a is independent of the unit of the 
independent variable. 


Proof. Let v(log x) = u(x), then 
Equation 8 becomes 


v(log k + c log x) 
=K(k,c)v(log x) + C(k,c) 


so log x and v are both interval scales. 
By Theorem 5, 


v(log x) 
alogx + 8 


Theorem 9. If the independent and 
dependent continua are both logarithmic 
interval scales, then u(x) = ax®, where 
B is independent of the units of both the 
independent and dependent variables. 


u(x) = 
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Proof. Take the logarithm of Equa- 
tion 9 and let v = log u: 


v(kx*) = K*(k,c) + C(k,c)v(x) 


where K*(k,c) = log K(k,c). By 
Theorem 8, 


v(x) = Blog x + a* 
so 
u(x) = er) 
= ax? 


where a = e**. 


ILLUSTRATIONS 


It may be useful, prior to discussing 
these results, to cite a few familiar 
laws that accord with some of them. 
The best source of examples is classi- 
cal physics, where most of the funda- 
mental variables are idealized as con- 
tinua that form either ratio or interval 
scales. No attempt will be made to 
illustrate the results concerning loga- 
rithmic interval scales, because no 
actual use of scales of this type seems 
to have been made. 

The variables entering into Cou- 
lomb’s law, Ohm’s law, and Newton's 
gravitation law are all ratio scales, and 
in each case the form of the law is a 
power function, as called for by Theo- 
rem 1, Additional examples of Theo- 
rem 1 can be found in geometry since 
length, area, and volume are ratio 
scales; thus the dependency of the 
volume of a sphere upon its radius or 
of the area of a square on its side are 
illustrations. 

Other important variables such as 
energy and entropy form interval 
scales, and we can therefore anticipate 
that as dependent variables they will 
illustrate Theorem 2. If a body of 
constant mass is moving at velocity v, 
then its energy is of the form av? + ô. 
If the temperature of a perfect gas is 
constant, then as a function of pres- 
sure p the entropy of the gas is of the 


form alogp +8. No examples, of 
course, are possible for Theorem 4. 

As an example of Theorem 5 we 
may consider ordinary temperature, 
which is frequently measured in terms 
of the length of a column of mercury. 
Although length as a measure forms a 
ratio scale, the length of a column of 
mercury used to measure temperature 
is an interval scale (subject to the 
added constraint that the length is 
positive), since we may choose any 
initial length to correspond to a given 
temperature, such as the freezing 
point of water. If the temperature 
scale is also an interval scale, as is 
usually assumed, then the only rela- 
tion possible according to Theorem 5 
is the linear one. 


Discussion 


Some with whom I have discussed 
these theorems—which from a mathe- 
matical point of view are not new— 
have had strong misgivings about 
their interpretation ; the feeling is that 
something of a substantive nature 
must have been smuggled into the 
formulation of the problem. They 
argue that practically any functional 
relation can hold between two vari- 
ables and that it is an empirical, not 
a theoretical, matter to ascertain what 
the function may be in specific cases. 
To support this view and to challenge 
the theorems, they have cited ex- 
amples from physics, such as the ex- 
ponential law of radioactive decay or 
some sinusoidal function of time, which 
seem to violate the theorems stated 
above. We must, therefore, examine 
the ways in which these examples by- 
pass the rather strong conclusions of 
the present theory. 

All physical examples which have 
been suggested to me as counter- 
examples to the theorems have a 
common form: the independent vari- 
able is a ratio scale, but it enters into 
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the equation in a dimensionless fash- 
ion. For example, some identifiable 
value of the variable is taken as the 
reference level xo, and all other values 
are expressed in reference to it as x/xo. 
The effect of this is to make the quan- 
tity x/xo independent of the unit used 
to measure the variable, since kx/kxo 
= x/xo. In periodic functions of 
time, the period is often used as a 
reference level. Slightly more gen- 
erally, the independent variable only 
appears multiplied by a constant c 
whose units are the inverse of those 
of x. Thus, whenever the unit of x 
is changed by multiplying all values 
by a constant k > 0, it is necessary to 
adjust the unit of c by multiplying it 
by 1/k. But this means that the 
product is independent of k: (c/k) (kx) 
= cx. The time constant in the law 
of radioactive decay is of this nature. 

There are two ways to view these 
examples in relation to the principle 
stated above. If the ratio scale x is 
taken to be the independent variable, 
then the invariance part of the prin- 
ciple is not satisfied by these laws. If, 
however, for the purpose of the law 
under consideration the dimensionless 
quantity cx is treated as the variable, 
then no violation has occurred. Al- 
though surprising at first glance, it is 
easy to see that the principle imposes 
no limitations upon the form of the 
law when the independent variable is 
dimensionless, i.e., when no trans- 
formations save the identity are ad- 
missible. 

We are thus led to the following con- 
clusion. Either the independent vari- 
able is a ratio scale that is multiplied 
by a dimensional constant that makes 
the product independent of the unit of 
the scale, in which case there is no re- 
striction upon the laws into which it 
may enter, or the independent vari- 
able is not rendered dimensionless, in 
which case the laws must be of the 


form described by the above theorems. 
Both situations are found in classical 
physics, and one wonders if there is 
any fundamental difference between 
them. I have not seen any discussion 
of the matter, and I have only the 
most uncertain impression that there 
is a difference. In many physical situa- 
tions where a dimensional constant 
multiplies the independent variable, 
the dependent variable is bounded. 
This is true of both the decay and 
periodic laws. Usually, the constant 
is expressed in some natural way in 
terms of the bounds, as, for example, 
the period of a periodic function. 
Whether dimensional constants can 
legitimately be used in other situa- 
tions, or whether they can always be 
eliminated, is not at all apparent to 
me. 

One may legitimately question which 
of these alternatives is applicable to 
psychophysics, and the answer is far 
from clear. The widespread use of, 
say, the threshold as a reference level 
seems at first to suggest that psycho- 
physical laws are to be expressed in 
terms of dimensionless quantities; 
however, the fact that this is done 
mainly to present results in decibels 
may mean no more than that the 
given ratio scale is being transformed 
into an interval scale in accordance 
with Theorem 2: 


y = a log x/xo 
=alogx +8 
where 
B = — alog xo 


In addition to dimensionless vari- 
ables as a means of by-passing the re- 
strictions imposed by scale types, 
three other possibilities deserve dis- 
cussion. 

First, the idealization that the scales 
form mathematical continua and that 
they are related by a continuous func- 
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tion may not reflect the actual state 
of affairs in the empirical world. It 
is certainly true that, in detail, physi- 
cal continua are not mathematical 
continua, and there is ample reason 
to suspect that the same holds for 
psychological variables. But the as- 
sumptions that stimuli and responses 
both form continua are idealizations 
that are difficult to give up; to do 
so would mean casting out much 
of psychophysical theory. Alterna- 
tively, we could drop the demand that 
the function relating them be con- 
tinuous, but it is doubtful if this 
would be of much help by itself. The 
discontinuous solutions to, say, Equa- 
tion 1 are manifold and extremely wild 
in their behavior. They are so wild 
that it is difficult to say anything pre- 
cise about them at all (see Hamel, 
1905; Jones: 1942a, 1942b), and it is 
doubtful that such solutions represent 
empirical laws. 

Second, casual observation suggests 
that it might be appropriate to assume 
that at least the dependent variable is 
bounded, e.g., that there is a psycho- 
logically maximum loudness. Al- 
though plausible, boundedness cannot 
be imposed by itself since, as is shown 
in the theorems, all the continuous 
solutions to the appropriate functional 
equations are unbounded if the func- 
tions are increasing, as they must be 
for empirical reasons. It seems clear 
that boundedness of the dependent 
variable is intimately tied up either 
with introducing a reference level so 
that the independent variable is an 
absolute scale or with some discon- 
tinuity in the formulation of the prob- 
lem, possibly in the nature of the 
variables or possibly in the function 
relating them. Actually, one can es- 
tablish that it must be in the nature 
of the variables. Suppose, on the 
contrary, that the variables are ratio 
scales that form numerical continua 


and that they are related by a func- 
tion « that is nonnegative, noncon- 
stant, and monotonic increasing, but 
not necessarily continuous. We now 
need only show that w cannot be 
bounded to show that the discon- 
tinuity must exist in the variable. 
Suppose, therefore, that it is bounded 
and that the bound is M. By Equa- 
tion 1, u(kx) = K(k)u(x)< M, so 
u(x) < M/K(k). Fork >1, the mon- 
otonicity of u implies that u(x) 
Su(kx) = K(k)u(x), so choosing u(x) 
>0 we see that K(k)> 1. If for 
some k> 1, K(k) > 1, then K can be 
made arbitrarily large since, for any 
integer n, K(k") = K(k)", but since 


M a ah 
u(x) < KE this implies u = 0, con- 


trary to assumption. Thus, for all 
k> 1, K(k) = 1, which by Equation 
1, means u(kx) = u(x), for all x and 
k> 1. This in turn implies u is a 
constant, which again is contrary to 
assumption. Thus, we have estab- 
lished our claim that some discon- 
tinuity must reside in the nature of 
the variables. 

Third, in many situations, there are 
two or more independent variables; 
for example, both intensity and fre- 
quency determine loudness. Usually 
we hold all but one variable constant 
in our empirical investigations, but 
the fact remains that the others are 
there and that their presence may 
make some difference in the total 
range of possible laws. For example, 
suppose there are two independent 
variables, x and y, both of which 
form ratio scales and that the depend- 
ent variable u is also a ratio scale, 
then the analogue of Equation 1 is 


u(kx,hy) = K (k,h)u(x,y) 


where k > 0, h > 0, and K (k,h) > 0. 
We know by Theorem 1 that if we 
hold one variable, say y, fixed at some 
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value and let # = 1, then the solution 
must be of the form 


u(x,y) = aly) 


But holding x constant and letting 
k = 1, we also know that it must be 
of the form 


u(x,y) = ô(x)y 
Thus, 
aly) = § (x) ye) 


If we restrict ourselves to u’s having 
partial derivatives of both variables, 
this equation can be shown (see Sec- 
tion 2.C.2 of Luce [in press ]) to have 
solutions only of the form: 


u (x,y) = axbyctd log z 


Thus, the principle again severely re- 
stricts the possible laws, even when we 
admit more than one independent 
variable.! 

It must be emphasized that the 
remark in Footnote 3 does not apply 
here. Ifafunction that depends upon 
One independent variable is added to 
the other, e.g., 


u(x,y) = a(y)[x + yy) P” 


then wholly new solution possibilities 
exist (see Section 2.C.3 of Luce [in 
press ]). 

In sum, there appear to be two ways 
around the restrictions set forth in the 
theorems, The first can be viewed 
either as a rejection of Part 2 of the 
principle or as the creation of a dimen- 
Slonless independent variable from a 
ratio scale; it involves the presence of 
dimensional constants that cancel out 


‘The use of this argument to arrive at 
the form of u(#,y) seems much more satis- 
factory and convincing than the heuristic 
development given in Section 2.C of Luce (in 
Press), and the empirical suggestions given 
there should gain correspondingly in interest 
as a result of the present work. 


the dimensions of the independent 
variables. This appears to be par- 
ticularly appropriate if the dependent 
variable hasa true, well-defined bound, 
The second is to reject the idealiza- 
tion of the variables as numerical con- 
tinua and, possibly, to assume that 
they are bounded. 

On the other hand, if the theorems 
are applicable, then the possible psy- 
chophysical (and other) laws become 
severely limited. Indeed, they are so 
limited that one can argue that the 
important question is not to deter- 
mine the forms of the laws, but rather 
to create empirically testable measure- 
ment theories for the several psycho- 
physical methods in order that we may 
know for certain what types of scales 
are being obtained. Once this is 
known, the form of the psychophysical 
functions is determined except for 
some numerical constants. In the 
meantime, however, experimental de- 
terminations of the form of the psy- 
chophysical functions by methods for 
which no measurement theories exist 
provides at least indirect evidence of 
the type of scale being obtained. For 
example, the magnitude methods seem 
to result in power functions, which 
suggests that the psychological meas- 
ure is either a ratio or logarithmic in- 
terval scale, not an interval scale. 
Since the results from cross-modality 
matchings tend to eliminate the loga- 
rithmic interval scale as a possibility, 
there is presumptive evidence that 
these methods yield ratio scales, as 
Stevens has claimed. 


SUMMARY 


The following problem was con- 
sidered. What are the possible forms 
of a substantive theory that relates a 
dependent variable in a continuous 
manner to an independent variable? 
Each variable is idealized as a nu- 
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TABLE 2 
Tue PosstpL—E Laws SATISFYING THE PRINCIPLE OF THEORY CONSTRUCTION 
Scale Ty; 
ogg Ui Possible Laws Comments* 
Independent Variable Dependent Variable 
f 
ratio ratio | u(x) =ax® | B/x; B/u 
ratio interval u(x) =a log x-+8 ajx 
u(x) =axP +5 B/x; B/u; 5/x 
ratio log interval u(x) =3e%78 a/u; B/x; B/u; 5/x 
u(x) =a? B/x; B/u 
interval ratio impossible 
interval interval u(x) =ax+8 B/x 
interval log interval u(x) =a? a/x; B/u 
log interval ratio impossible 
log interval interval u(x) =a log x+8 ajx 
log interval } log interval u(x) = B/x; B/u 
| 
* The notation a/x means “a is independent of the unit of x.” 
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AND RESPONSE DECREMENT'* 
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McGill University 


A response can occur only within a 
certain range of variation of the stimu- 
lus situation in which that response 
was acquired or practiced. Within this 
range, any alterations in the situation 
tend only to modify the trained re- 
sponse. The typical modification is 
decrease in response probability or, 
simply, response decrement, as de- 
scribed by increased latency, lowered 
frequency of occurrence, lowered re- 
sistance to extinction, and by other 
commonly employed indices of response 
strength. Thus, when certain stimulus 
elements of a training situation, S, are 
altered to make it S’, the strength of 
the trained response in the test situa- 
tion (S’) is reduced as measured by 
one or the other of the indices. This 
paper suggests how reactions to the 
“novelty” provided by the test situation 
may determine such response decre- 
ment and, by specifying the nature and 
determinants of “novelty reactions,” 
develops a basis for predicting the 
effects on a trained response of a given 
stimulus change. 


THE Common-ELEMENTS MODEL 


Perhaps the easiest way to state the 
present problem is to link it to Guth- 
rie’s (1935) common-elements model. 
According to this view, any learning 
situation consists of a large number of 
stimulus elements, and in the course 


1 The author is grateful to P. Bryden and 
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draft of this paper. The research on which 
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of the training of a response a pro- 
gressively larger number of these ele- 
ments becomes conditioned to the re- 
sponse. Thus, at any given stage of 
learning, some of the stimulus elements 
are conditioned to the response, and 
the remaining elements are not condi- 
tioned to that response. Estes (1950) 
and Bush and Mosteller (1951) have 
extended this model, postulating that 
the probability of occurrence of the 
trained response on the next following 
trial is a function of the proportion of 
the total number (or some measure) of 
stimulus elements in the situation that 
are conditioned. With the aid of some 
simplifying assumptions, they are able 
to state that any change in the situation 
will introduce new stimulus elements 
into it, thus reducing the proportion of 
conditioned elements and decreasing re- 
sponse strength, provided the altered 
situation does not contain any new 
stimulus elements conditioned to the 
same response. From this formulation 
it follows that the amount of response 
decrement will be inversely propor- 
tional to the number of conditioned 
stimulus elements shared by the train- 
ing and test situations, assuming the 
total number of stimulus elements in 
the two situations to be equal. A 
rough verification of this prediction 
has been obtained in an experiment 
by Fink and Patton (1953). They 
found the decrement in a drinking re- 
sponse to be directly proportional to 
the number of stimulus characteristics 
(visual, tactual, and auditory) change 
from the training to the test situation. 
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The obvious next problem concerns 
the factors underlying such response 
decrements. Why does a decrease in 
the number of conditioned stimulus ele- 
ments shared by the training and test 
situations lead to response decrement? 
Estes (1950) and Bush and Mosteller 
(1951) answer this question simply by 
saying that, as the number of shared 
conditioned stimulus elements de- 
creases, the tendency to make responses 
other than the trained response in- 
creases. These “other” responses are 
presumably evoked by the noncondi- 
tioned stimulus elements (noncondi- 
tioned to the trained response), which 
are assumed to be conditioned to a 
variety of responses in the animal's 
repertoire. However, neither Estes 
nor Bush and Mosteller state anything 
about the nature of such interfering 
responses. 

Restle’s (1955) formulation of the 
learning process takes us a step fur- 
ther. According to him, in learning to 
give a particular response in a par- 
ticular stimulus situation two separate 
things happen: the animal learns to 
respond to the relevant cues, those that 
are consistently related to reinforce- 
ment, and, at the same time, learns not 
to respond to the irrelevant cues in the 
experimental situation. Relevant cues 
become conditioned to the required re- 
sponse, and the irrelevant cues become 
“adapted to” and cease to evoke the 
interfering responses that they evoked 
before. Thus, according to Restle, the 
extent of adaptation to the irrelevant 
Cues contributes to the occurrence of 
the required response just as does the 
extent of conditioning to the relevant 
Cues. The unadapted responses inter- 
fere with (i.e., reduce response strength 
of) the trained response. It follows 
that, as soon as any aspect of the train- 
Ing situation is altered, some new un- 
adapted responses will begin to inter- 
fere with the trained response, and 


such responses will continue to occur 
until the stimulus elements that evoke 
them have been adapted to. However, 
Restle does not specify the nature of 
such unadapted responses or their rela- 
tion to the altered stimulus elements. 
In the next section it is argued that by 
specifying the nature and determinants 
of the unadapted, interfering, responses 
it is possible to achieve a more ade- 
quate basis for predicting the type and 
degree of response decrement that 
would result from a given stimulus 
change. 


INTERFERING Responses AS REAC- 
TIONS TO NOVELTY 


The central idea of this paper is that 
the interfering responses responsible 
for the stimulus-change induced re- 
sponse decrement are mainly the un- 
adapted reactions evoked by the nov- 
elty provided by the altered stimulus 
elements. And, because they evoke 
such “novelty reactions,” the new stim- 
ulus elements modify the trained re- 
sponse in a particular, specifiable way, 
a way that is different from what 
would be predicted if the only contri- 
bution of the new elements was that 
they were nonconditioned. A consid- 
eration of the nature of reactions to 
novelty is thus thought to be essential 
for understanding the type and degree 
of response decrements brought about 
by stimulus change. 

The concept of novelty or stimulus 
change has meaning only with refer- 
ence to the past experience of animals. 
Stimuli are novel or strange for an 
animal only because it has not been 
exposed to them before (Dember & 
Earl, 1957; Hebb, 1946). Nothing is 
novel in and of itself. Thus, the intro- 
duction of new stimulus elements pro- 
vides novelty for an animal only after 
it has been exposed to (familiarized 
with) an experimental situation of 
which those stimulus elements are not 
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normally a part. The degree of novelty 
provided by a change from the training 
to a testing situation is, therefore, a 
function not only of the number of 
stimulus elements in the training situa- 
tion that are replaced by new elements, 
but also of the extent to which, in the 
animal's experience, the replaced stim- 
ulus elements had been a part of the 
training situation, and of the extent of 
the animal's familiarity with the new 
stimulus elements. However, with 
prior exposure to the training situation 
and to the new (to be introduced) 
stimulus elements constant for a num- 
ber of groups of animals, the novelty 
provided by the test situation would 
be determined directly by the number 
of stimulus elements altered, assuming, 
of course, that the total number of 
stimulus elements in the two situations 
is equal and that it remains constant 
when some of the S$ elements are al- 
tered to make S”. 

Reactions to novelty have been ex- 
tensively studied in the rat (see Dem- 
ber & Earl, 1957). Typically, the 
aspect of rat behavior that has been 
considered as an index of response to 
novelty is the amount of locomotion 
(“exploration”) in a specified test sit- 
uation. However, a recent study by 
Bindra and Spinner (in press) shows 
that novel situations evoke responses 
other than locomotion, and that the 
exact nature of these responses depends 
upon the degree of novelty. They 
housed rats in cages that possessed 
certain visual, auditory, and tactual 
characteristics. In three other (test) 
cages, these characteristics were altered 
in such a way that each test cage pro- 
vided a different amount of stimulus 
change (or novelty) from the living 
cages. They found that sniffing (in- 
cluding sniffing plus locomotion) was 
evoked more frequently in the least 
novel test cage than in the most novel 
one, but the incidence of grooming 
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responses was the highest in the most 
novel test situation and the lowest in 
the least novel situation. They also 
observed progressive increases or de- 
creases throughout the observation pe- 
riod in the incidence of sniffing, groom- 
ing, freezing, and locomotion. These 
progressive changes can be looked upon 
as representing habituation of the ani- 
mals to the novel aspects of the test 
cage, for repeated exposure to a novel 
situation typically brings the incidence 
of various activities back to the normal, 
living cage, levels, Activities such as 
sniffing, grooming, and freezing cannot 
be considered as merely “null” activi- 
ties, performed when some more mean- 
ingful activity cannot or does not occur, 
for in the above study they were shown 
to be systematically related to degree 
of novelty. Thus, the current studies 
of “exploratory” locomotion do not 
cover the wide range of responses that 
animals in fact show in situations of 
varying novelty. However, pending 
further study, it seems reasonable to 
suggest here that in the rat the change 
from the training to the test situation 
increases the incidence of activities 
such as sniffing, grooming, and freez- 
ing, and it is these activities which 
interfere with and reduce the response 
strength of a trained response. More 
generally, it is proposed that amy 
change in stimulus elements from the 
training to the test situation produces 
decrement in a trained response be- 
cause, and to the extent that, the nov- 
elty provided by the altered stimulus 
elements evokes interfering “novelty 
reactions,” 

The above proposition can be used 
to interpret the results of various 
experiments on response decrement 
brought about by stimulus change. 
Consider, for example, the Fink and 
Patton (1953) study mentioned above. 

t experiment does not, of course, 
show that the drinking response of © 


was weakened because of inter- 
ference from reactions to the novelty 
of the test conditions. How- 
“ever, that this may be the case is sug- 
by other experiments. Hall 
1955) and Hurwitz and Cutts (1957) 
shown in the rat that the extine- 
of a response is more rapid (i.c. 
‘the response is weaker) when the ex- 
nction trials are given under altered 
stimulus conditions than when the 
Haining and extinction situations are 
the same. In the first of these studies 
the stimulus change involved removing 
a part of the training apparatus, and, 
“in the second, it involved the addition 
Of an auditory signal. Since the addi- 
tion of new stimuli, as well as the 
removal of familiar ones, is known to 
“evoke novelty reactions in the rat 


ss. 1955; Chance & Mead, 
° 1955; Dember & Earl, 1957), it is 
likely that it was the evocation of such 
‘Teactions that interfered with the oc- 
currence of the trained responses and 
thus hastened their extinction. Also, 
‘in many learning experiments it is 
enan observed that an un- 
-planned change i in the over-all experi- 
“Mental situation “distracts” the animal 
produces response decrement. 
it seems reasonable to conclude 
the declining response strength 
ions reported by Fink and Patton 
also caused by the interfering 
reactions evoked by the altered 
lus elements of the test situation. 
However, it must be admitted that, 
the absence of exact knowledge about 
amount of novelty offered by a par- 
stimulus change, as well as about 

he typical reactions of a given species 
to that amount of novelty, it is not 
O ssible Ee propose any general rela- 
Son between the nature and extent of 

lus change and the degree of re- 

= decrement. In the rat, what 
idence is available seems to suggest 


that with minor changes in the experi- 
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mental situation, such as altering only 
the size of a training circle in a stimu- 
lus generalization experiment, the reac- 
tions to the change are likely to be of 
the sniffing, rearing, or head-turning 
variety, and are likely to be quickly 
adapted out. With more extreme types 
of stimulus change, such as changing 
the tactual and visual characteristics of 
a large part of the experimental situa- 
tion or introducing a loud noise, the 
rat's reactions are likely to involve 
grooming and freezing, are not likely 
to be easily eliminated, and are thus 
likely to produce a marked and pro- 
longed decrement in the trained re- 
sponse, 

The above remarks suggest that de- 
tailed investigations of novelty reac- 
tions in experiments dealing with the 
effects of stimulus change may turn out 
to be quite fruitful. The present for- 
mulation also points to the possibility 
that a trained response itself may inter- 
fere with the occurrence of novelty 
reactions (Bindra, 1959, Ch. 7), and 
thus may reduce their incidence below 
the level at which they normally would 
occur in a situation of a given degree 
of novelty. Another feature of the 
proposed formulation is that a variety 
of phenomena involving varying de- 
grees of stimulus change, from the 
stimulus generalization to the distrac- 
tion-stress experiments, can be ap- 
proached within a single framework. 
Let us now consider some specific im- 
plications of the present formulation. 


Some SPECIFIC IMPLICATIONS 


The above line of argument concern- 
ing the factors underlying the effect of 
stimulus change on a trained response 
leads to a number of empirically test- 
able implications. Three of these are 
developed here. 

Amount of training and the effects 
of stimulus change. It was noted earl- 
ier that the degree of novelty offered 
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to an animal by a particular stimulus 
change is determined by the extent of 
the animal’s prior experience with the 
situation in which the stimulus change 
is introduced. This relation between 
novelty and prior experience implies 
that, for any given stimulus change, 
the greater the training an animal has 
received in the training situation, the 
greater would be the novelty offered 
when some elements of it are altered 
to make it the test situation, and hence 
the greater would be the interfering 
novelty reactions evoked during the 
test. Assuming that the reactions to 
novelty evoked by the training situa- 
tion reach a stable level after a few 
training trials, it follows from the 
above considerations that the greater 
the training given before introducing 
a stimulus change, the greater would 
be the relative response decrement 
brought about by the given stimulus 
change. (Relative response decrement 
= training performance — test perform- 
ance/training performance.) 

Under similar experimental condi- 
tions, the formulations of Hull and of 
Estes and Bush and Mosteller would 
lead to different predictions. First, 
according to Hull, in the early stages 
of training “stimulus generalization” 
is complete or nearly so, but, with in- 
creasing amounts of training, “a down- 
ward sloping gradient of primary stim- 
ulus generalization of reaction strength 
gradually and spontaneously develops” 
(Hull, 1947, p. 133). Hull (1943, 
p. 199) considers generalized response 
strength also to be a function of re- 
sponse strength generated during train- 
ing, so that any training after a gra- 
dient has been established would result 
in progressively greater “generalized” 
response strength at each point on the 
gradient. These propositions would 
lead one to expect little or no response 
decrement if some stimulus change 
were made after only a small amount 
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of training, and a marked decrement 
if the same stimulus change were made 
after somewhat more (medium) train- 
ing. Furthermore, if the stimulus 
change were made after an even larger 
amount of training, there would be a 
further increase in the absolute level of 
response strength throughout the gra- 
dient. However, in the latter two 
cases (medium and large training), for 
any given absolute amount of response 
decrement from the training to the test 
situation, there should be a decrease 
in relative response decrement with in- 
creased training, for the absolute level 
of response strength of the trained re- 
sponse will be higher with increased 
training. (Owing to the multiplicity of 
possible alternative sets of assumptions, 
other predictions can no doubt be de- 
rived from Hull’s theory, but the above 
prediction follows most directly and 
obviously from the usual statement of 
the theory.) 

Second, according to the formulations 
of Estes (1950; Estes & Burke, 1953) 
and Bush and Mosteller (1951), the 
probability of occurrence of a trained 
response in the test situation is a func- 
tion, roughly, of the number of stimu- 
lus elements in the training situation 
that are also present in the test situa- 
tion. Inasmuch as the stimulus ele- 
ments that become conditioned to the 
response with increased training are 
assumed to be randomly distributed 
among the total stimulus elements in 
the situation, the proportion of the con- 
ditioned stimulus elements remaining 
after the stimulus change would be the 
same at all levels of training. There- 
fore, one should expect that a given 
stimulus change would cause the same 
relative response decrement irrespec- 
tive of the amount of training given 
prior to the stimulus change. 

Bindra and Seely (in press) have 
recently made an experimental test 0 
the above three opposing predictions of 


; 
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the effects of training on stimulus- 
change induced response decrement. 
They introduced a stimulus change 
into a runway after groups of rats had 
received 15, 40, or 80 training trials. 
They found the relative response decre- 
ment brought about by the stimulus 
change to increase as a function of the 
number of training trials. It was also 
found that the greater the training 
prior to introducing the stimulus 
change, the more trials were required 
to overcome the response decrement 
(i.e., to return to the prechange level 
of performance). These results sup- 
port the novelty-reactions hypothesis 
and are inconsistent with the Hullian, 
as well as the Estes and Bush and 
Mosteller, type of formulation. 
Effects of prior exposure to the test 
situation. If the decrease in response 
strength from the training to the test 
Situation is attributed to interfering 
novelty reactions, exposing the animal 
to the test situation before any train- 
ing is given should attenuate response 
decrement when, after training, the ani- 
mal is placed in the test situation. 
Such an attenuation of response decre- 
ment would not be predicted from 
Hullian theory. According to Hull 
(1943), merely exposing an animal to 
test stimuli, without any specific train- 
ing involving reinforcement (primary 
or secondary), should not alter the sub- 
sequent “generalized habit strength” of 
the response to test stimuli. The Bush 
and Mosteller (1951) model, inasmuch 
as it also makes reinforcement a neces- 
Sary condition of learning, would like- 
wise predict no effect on response 
decrement of pretraining unreinforced 
€xposure to test stimuli. Since, under 
the stated conditions, the response to 
be trained would not occur consistently 
during the pretraining exposure to test 
Stimuli, the contiguity-learning formu- 
lation of Estes ( 1950) would probably 
Predict the same result as Hull and 


Bush and Mosteller. Clearly, the pre- 
diction of attenuated response decre- 
ment that follows from the novelty- 
reactions hypothesis is opposed to the 
deduction from these other formula- 
tions. 

Different decrements in different 
measures of response strength. Ac- 
cording to the present formulation, the 
type and degree of response decrement 
depend upon the nature and extent of 
the interfering reactions evoked by the 
novelty aspect of the test situation. 
Now, it is likely that the interfering 
reactions will not occur evenly over 
the whole of the test situation; the 
parts of the test situation that repre- 
sent a change from the training situa- 
tion are more likely to evoke novelty 
reactions than are other parts of the 
test situation. This means that the 
stimulus change may have different ef- 
fects on the different components of 
the trained. response. For example, 
consider a simple runway situation with 
a starting box, an alley, and a goal box. 
If, after training, the stimulus change 
is introduced only in the starting box, 
it is likely that the latency of the 
trained running response will increase 
without any changes in the time taken 
to traverse the alley or the amount of 
consummatory activity in the goal box. 
But, if, alternatively, the stimulus 
change involves altering some feature 
of the alley, only the running time 
measure of response strength is likely 
to show decrement; similarly, if some 
feature of the goal box only is altered, 
the amount of consummatory activity 
may change without any corresponding 
changes in any of the other measures 
of response strength. If during the 
test trials, with altered stimulus ele- 
ments, no reinforcement is given, a 
resistance to extinction measure of re- 
sponse strength can be obtained in all 
the above cases. Whether there is a 
response decrement as judged by this 
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measure would seem to depend upon 
the exact criterion (e.g., latency vs. 
running time) of extinction employed. 
That response decrement is in fact a 
function of the measure of response 
strength employed is shown by the 
difference in the degree of response 
decrement obtained with different meas- 
ures of response strength under identi- 
cal conditions of stimulus change 
(Heyman, 1957). 

Predictions of the type stated in the 
last paragraph cannot be made on the 
basis of either the Hullian or the 
common-elements types of formulations 
as they are at present stated. Hull 
(1943) considers the various measures 
of response strength as equivalent, and 
Estes (1950) and Bush and Mosteller 
(1951), in dealing only with response 
frequency, have ignored the possible 
different outcomes with different meas- 
ures of response strength.2 That the 
various measures do not yield identical 
estimates of response strength has be- 
come increasingly clear in recent years 
(e.g., Hall & Kobrick, 1952; Kobrick, 
1956). In order to deal with the dis- 
parate effects of stimulus change on 
different measures of response strength, 
further explications of the Hullian 
and common-elements formulations are 
needed. 


SUMMARY AND CONCLUSIONS 


If an animal is trained to give a 
response in a particular situation, any 
alteration in the stimulus characteris- 
tics of the situation typically results in 
a decrement in the strength of the 
trained response. It is generally as- 
sumed that the altered stimulus ele- 
ments of the test situation evoke some 
“other” responses which interfere with 
the trained response, thus decreasing 


? In a recent paper in the Nebraska Sym- 
posium on Motivation (1958), Estes has con- 
sidered this problem in some detail. 
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its response strength. The aim of this 
paper has been to specify the nature 
and determinants of such interfering 
responses in order to develop a more 
adequate basis for predicting the type 
and degree of response decrement 
brought about by a given stimulus 
change. 

Starting with Estes’ and Bush and 
Mosteller’s mathematical formulation of 
Guthrie’s common-element model, this 
paper proposes an additional proposi- 
tion. It states that any change in stim- 
ulus elements from the training to the 
test situation produces response decre- 
ment because, and to the extent that, 
the novelty provided by the altered 
stimulus elements evokes interfering re- 
actions-to-noyelty. The determinants 
of the degree of novelty offered by a 
stimulus change are discussed, and evi- 
dence is cited to show that the nature 
and extent of “novelty reactions” de- 
pend upon degree of novelty. Apart 
from pointing to the need for detailed 
studies of novelty reactions in experi- 
ments involving any type of stimulus 
change, the proposed formulation has 
some unique empirically testable impli- 
cations. Three of these implications 
have been worked out in some detail. 

The proposed novelty-reactions in- 
terpretation is not inherently incon- 
sistent with the common-elements in- 
terpretation. However, the particular 
mathematical models developed from 
the latter, as seen in the works of 
Estes and Bush and Mosteller, seem 
to be concerned only with the role of 
conditioned stimulus elements in the 
occurrence of a response. Restle’s for- 
mulation, inasmuch as it ascribes at 
least some role to (unadapted) irrele- 
vant cues, appears to be somewhat 
more suitable for incorporating the nov- 
elty-reactions proposition. But con- 
siderable further elaboration of his 
formulation is needed before the con- 
cepts of novelty and novelty reactions 
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can be successfully introduced into his 
equations. 
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The common sense hedonistic ex- 
planation of learning implies that sub- 
jective feelings of pleasantness and un- 
pleasantness influence behavior. This 
view involves the mind-body tangle. 
Thorndike tried to give a better for- 
mulation with his law of effect and 
concepts of satisfiers and annoyers; he 
later revised the theory, attempting to 
make it more objective. Troland in- 
troduced the concepts of bene- and 
noci-ception, but his views have never 
been widely accepted. 

The aim of the present paper is to 
show that affective processes can be 
studied within a strictly objective frame 
of reference. I will argue that the 
affective processes are intervening vari- 
ables, in Tolman’s sense. For the 
present they may be viewed as logical 
constructs which bring together in an 
orderly way a large body of facts. 
Eventually affective processes will be 
described in physiological terms; cur- 
rent research indicates that their bodily 
nature and locus will some day be 
known. In the meantime the affective 
processes can be anchored firmly to 
events within the physical world. 


THE Construct OF AFFECTIVE 
Processes 


Let us begin by postulating that 
affective processes have an objective 
existence within the organism and that 


1 This paper was originally prepared for a 
symposium upon “Contemporary Accounts of 
Reinforcement,” Midwestern Psychological 
Association, Detroit, May 2, 1958. I am 
indebted to my colleague, G. Robert Grice, 
for a critical reading of the original paper. 


their nature and functions can be 
discovered. 


Definition of the Affective Processes by 
Their Attributes 


Affective processes can be defined 
objectively in terms of their attributes: 
sign, intensity, duration : 

1. Sign. What one observes in lab- 
oratory situations is that naive animals 
develop approach-maintaining or avoid- 
ance-terminating patterns of behavior. 
If they develop the approach-maintain- 
ing pattern, I would assume that the 
underlying affective process is positive 
in sign. If they develop the avoidance- 
terminating pattern, I would assume 
that the affective process is negative in 
sign. If neither positive nor negative 
behavior develops, I would make no 
assumption concerning the sign of af- 
fective arousal. 

It is important to note that the bare 
existence of adient or abient behavior 
is not a sufficient ground for inferring 
affective processes. Approach-main- 
taining and avoidance-terminating be- 
havior may be habitual, automatic and 
affectively indifferent ; but the develop- 
ment of approach-maintaining or avoid- 
ance-terminating patterns by naive ani- 
mals is the criterion for the sign of 
affective processes, 

2. Intensity. In addition to sign, 
affective processes differ in intensity, or 
degree. Affective processes vary along 
a bipolar continuum between the ex- 
tremes of maximal negative and maxi- 
mal positive intensity. 

One way to demonstrate the relative 
intensity of affective processes is to 
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animals a brief-exposure prefer- 
“ence test with foods. A brief-exposure 
test is recommended because with pro- 
ed exposures the level of accepta- 
of test-foods declines as the ter- 
‘minal state of satiation is approached. 
In the brief-exposure test the animal 
offered a series of choices between 
two test-foods (A and B). The series 
‘of choices reveals whether a preference 
for one food (A) or the other (B) 
develops. There is no way to force an 
‘animal to show a preference. Either a 
prefe: develops, with repeated 
choices, or it does not develop. Weak 
preferences, strong preferences, alter- 
nating preferences, and no preferences 
at all, have been found. In some tests 
the preference is obvious but, in others, 
tatistical methods are needed to deter- 
mine whether or not a particular body 
Of data indicates a significant prefer- 
ence or a mutation of preference. 
d If both test-foods are accepted, I 
Would assume that the preferred food 
ouses a higher intensity of positive 
affectivity than the nonpreferred. This 
“is what is meant, objectively, by the 
‘Statement that the preferred food is the 
m palatable. Again, it must be em- 
d that the development of a 
erence in naive animals indicates 
ive hedonic intensity and not the 
existence of a preference, since 
preferential discrimination can be 
habitual and automatic. 
. Duration. In addition to sign 
intensity, affective processes differ 
duration and temporal course. In- 
k as affective processes are induced 
taste solutions, the duration of stim- 
ation can be used to control the dura- 
on of affective arousal. The number 
seconds that an animal is in contact 
1 a food can be controlled or the 
ber of individual licks of a fluid 
be counted by an electronic device. 
uency and schedule of affective 
ses can also be controlled. 
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With painful stimulations it would 
seem that the intensity, frequency, and 
schedule are all subject to precise ex- 
perimental control. In addition to di- 
rect stimulation, negative affectivity can 
be produced by frustration and. con- 
flict; but these conditions can be con- 
trolled less precisely than the condi- 
tions of sensory stimulation. 


The Hedonic Continuum 


The sign, intensity, and temporal 
changes of affective processes can be 
represented upon the hedonic contin- 
uum. Figure 1 shows this continuum 
extending from the extreme of negative 
affectivity (distress) to the extreme of 
positive affectivity (delight). Differ- 
ent intensities of affective arousal are 
represented by arbitrary units marked 
off upon the continuum. Midway be- 
tween negative and positive affectivity 
is the range of indifferent, neutral proc- 
esses and others that are weakly 
affective. 

The arrows represent two opposed 
directions of hedonic change. The up- 
per arrow, pointing away from the 
negative end and towards the positive 
end of the continuum, represents a 
kind of hedonic change that is of great 
importance in the organization of be- 
havior. According to the hedonic hy- 
pothesis, neurobehavioral patterns are 
organized that minimize negative af- 
fectivity (distress) and maximize posi- 
tive affectivity (delight). That is to 
say, organization is dependent upon 
hedonic change in the positive direc- 
tion. Changes in the negative direc- 
tion necessarily and frequently occur, 
and the lower arrow represents such 
changes. The total figure implies a 
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4 
principle of affective opposition or an- 
tagonism: There can be a change to- 
wards either pole but not a change in 
opposite directions at the same moment 
of time. 

Although there are two opposed di- 
rections of change, there are, logically 
and psychologically, four main kinds of 
affective change that need to be con- 
sidered: (a) increasing positive affec- 
tivity, (b) decreasing positive affectiv- 
ity, (c) increasing negative affectivity, 
(d) decreasing negative affectivity. 
The first kind of hedonic change (in- 
creasing positive affectivity) is present 
when an animal tastes a sugar solution 
and organizes an approach-maintaining 
pattern of behavior. The fourth kind 
of change (decreasing negative affec- 
tivity) is present when an animal 
succeeds in relieving the “distress” 
associated with an electric shock or 
reducing a need produced by dietary 
depletion. “Distress reduction” is the 
hedonic equivalent of “drive reduction” 
in the organization of instrumental 
behavior. 

Changes in the negative direction 
occur under various circumstances. 
When an organism continues eating an 
acceptable food, the level of acceptabil- 
ity gradually declines as the final state 
of satiation is approached. Hedonic 
changes in the negative direction are 
also produced by shocks, burns, cuts, 
shrill sounds, and similar conditions. 
When negative affectivity is present 
the organism tries to reduce it, The 
very attempt to escape from inducing 
conditions is the earmark of negative 
affectivity. 


The Distinction Between Sensory and 
Hedonic Intensity 


To a psychology that is limited by 
stimulus-response concepts the postu- 
late of central affective processes may 
appear superfluous. I believe, how- 
ever, that any theory of behavior which 
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ignores the concept of affectivity will 
be found inadequate as an explanation 
of the total facts. To prove the point 
let us consider the following facts 
which are difficult, if not impossible, 
to explain in strictly S-R terms : 

If pairs of sucrose solutions are pre- 
sented to rats briefly for choice, the 
animals select the higher ‘of two con- 
centrations in preference to the lower. 
Scale values based upon preference 
tests show that the level of acceptabil- 
ity is directly proportional to the log- 
arithm of the concentration. The rela- 
tion holds all the way up the intensive 
scale from the preferential threshold 
to a saturated solution (Young & 
Greene, 1953). 

From the facts about sucrose solu- 
tions one might argue that sensory in- 
tensity or physical concentration of 
solution is the critical determinant of 
behavior. But difficulty with the sen- 
sory interpretation appears when one 
considers the relative palatability of 
solutions of sodium chloride. 

Young and Falk (1956a) ran a 
series of preference tests between dis- 
tilled water and sodium chloride solu- 
tions of different concentrations, and 
between pairs of sodium chloride solu- 
tions. They found that need-free rats 
revealed an optimal concentration for 
sodium chloride within the range of 
0.75 to 1.5%. When concentrations 
were below this range, need-free rats 
preferred the higher concentration; 
when above this optimal range, they 
preferred the lower concentration. 
Within the optimal range there were 
marked individual differences in pref- 
erence and there was much indiscrimi- 
nate behavior. The experimenters 
concluded that there is a range of ac- 
ceptance within which acceptability in- 
creases with rising concentration of 
NaCl and a range of rejection within 
which the level of acceptability falls 
as concentration rises, The optimum 
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of acceptability appears to be deter- 
mined by the intersection of two gra- 
dients—one of acceptance and one of 
rejection. Incidentally, this finding 
agrees well with the work of Bare 
(1949), and others, who relied upon 
an intake method of studying accepta- 
bility of NaCl solutions. 

It is clear, @herefore, that with solu- 
tions of sodium chloride, hedonic in- 
tensity does not have a one-to-one rela- 
tion with sensory intensity. Sensory 
intensity is an increasing monotonic 
function of concentration of solution; 
hedonic intensity is a discontinuous 
function of concentration. 

In another experiment, Young and 
Asdourian (1957) selected a 1% so- 
dium chloride solution as representa- 
tive of the optimal range of NaCl 
concentrations. This near-optimal con- 
centration was tested for preference 
against distilled water and four con- 
centrations of sucrose solutions (54, 
18, 6, 2%). The 1% NaCl solution 
was preferred to distilled water by 
need-free rats ; but all sucrose solutions 
were preferred to the standard 1% 
NaCl solution. In the study it was 
estimated that a 1% NaCl solution is 
isohedonic to a sucrose concentration 
of 0.38%, which is very near to the 
Preferential taste threshold for sucrose 
(about 0.50%). In other words, prac- 
tically all sucrose solutions are more 
palatable to need-free rats than all 
NaCl solutions. The hedonic intensity 
of all NaCl solutions is so low, in fact, 
that it is impossible to discover iso- 
hedonic pairs of sucrose and NaCl 
solutions, 

It is difficult at best to equate sen- 
Sory intensities across modalities but it 
1S impossible to equate hedonic intensi- 
ties if we employ solutions of sucrose 
and NaCl. High concentrations of 
Sucrose are hedonically positive and 
high concentrations of NaCl are he- 
donically hegative. This finding under- 
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scores the principle that sensory in- 
tensity is very different from hedonic 
intensity. 

The scaling of hedonic intensities 
through preference tests yields an or- 
der of fact quite different from the 
facts of sensory intensity. This comes 
to light clearly in tests (unpublished) 
by Kent Christensen, who worked 
with compound solutions containing 
both sucrose and NaCl. When the 
sucrose concentration was 1% and the 
NaCl 0.75% (near optimal), the rats 
preferred the compound solution to 
both the 1% sucrose solution and the 
0.75% NaCl solution. In other words, 
the two solutes—sucrose and NaCl— 
made independent additive contribu- 
tions to palatability. The experiment 
demonstrated summation of two posi- 
tive hedonic intensities. But, to take 
an extreme example, when the sucrose 
concentration was 4% and the NaCl 
concentration was also 4%, the rats 
showed a marked and consistent pref- 
erence for the sucrose solution to the 
compound (very salty) solution. In 
this instance, positive and negative he- 
donic values summated algebraically. 
Christensen demonstrated, therefore, 
that the palatability of some sucrose 
solutions can be raised by adding small 
quantities of NaCl and lowered by add- 
ing larger quantities. Although he did 
not succeed in mapping out isohedonic 
contours for compound solutions, in an 
area determined by the concentration 
of sucrose and the concentration of 
sodium chloride, he demonstrated their 
existence and the possibility of chart- 
ing them. 

I believe that these facts demonstrate 
convincingly the necessity of distin- 
guishing between sensory intensity and 
hedonic intensity and hence between 
the sensory and affective aspects of 
neural excitation. Stimulation of the 
taste receptors has both sensory and 
affective consequences. 


Avrecrive Processes anp Foop 
ACCEPTANCE 


The postulate that affective processes 
have an objective existence and that 
they intervene between stimulus and 
response conditions has great utility in 
the field of food acceptance, In fact, 
the experimental findings practically 
demand such an hypothesis, as we shall 
see below. 


Kind and Amount of Food Accepted 
vs, Affective Processes 


When an objective psychologist takes 
a look at food objects he probably sees 
them as physical things. He observes 
that food objects differ in kind and 
that the amount presented to an animal 
as a reward or consumed by him is a 
quantitative variable. 

My early studies of food preference 
utilized common foodstuffs, such as 
milk, butterfat, sugar, flour, whole- 
wheat powder, etc. To the human sen- 
sorium, as doubtless to that of the 
rodent, these foods differ in taste, 
smell, texture, appearance, and other 
sensory attributes. Several writers 
have commented that this work dem- 
onstrated how performance depends 
upon the kind of food offered as a re- 
ward. The statement is doubtless cor- 
rect but the sensory character of a 
foodstuff must not be confused with 
its hedonic value. 

I have repeatedly found that, when 
dietary conditions are held constant, 
common foods arrange themselves into 
a preferential hierarchy or transitive 
series from low to high palatability. 
The kind of food (defined by its physi- 
cal properties) has no obvious relation 
to palatability (defined by preference 
tests). Foods that differ markedly in 
kind may be isohedonic. Also, one and 
the same kind of food may vary greatly 
in acceptability with such conditions as 
deprivation and satiation. 
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The amount or quantity of food im- 
gested has been widely used as a meas 
ure of acceptability. Innumerable stud- 
ies in the fields of nutrition, physiology, 
and psychology have recorded the 
amount of food accepted per day by 
laboratory animals. The quantity ac 
cepted per unit of time is certainly a 
useful measure when related to body | 
weight, growth, reproduction, state of 
health, and other variables. 

The difficulty with quantity accepted 
as a measure of acceptability came to 
light clearly in an experiment by Young 
and Greene (1953). In this study rats 
were given a l-hour drinking test 
with a 9% sucrose solution and again 
a l-hour test with a 36% solution. 
Greater quantities of the 9% solution 
were ingested consistently throughout 
the I-hour test. On the basis of results 
one might well predict that a 99% su- 
crose solution would be “preferred” to 
a 36% solution and that greater quan- 
tities of the 9% solution would be in- 
gested if the animals were given a 
choice between the two fluids. This 
prediction, however, turned out to be 
contrary to fact. In a test with two 
cups, the rats ingested greater quanti- 
ties of the 36% solution. Also, on the 
brief-exposure preference tester, the 
36% solution was selected in prefer- 
ence to the 9% solution. 

The nature of the difficulty is clear- 
Intake depends upon two kinds of de- 
terminants—palatability and appetite. 
Hence intake is an ambiguous measure 
of motivation. 


The Distinction Between Palatability 
and Appetite 


The term palatability refers to the 
hedonic value of a foodstuff that 
depends upon taste, aroma, texture, , 
temperature, appearance, and other sen- 
sory properties, and upon the sur- 
roundings of a foodstuff (environmen- 
tal setting). In need-free organisms 


h have been studied extensively 
ing the past few years), a prefer- 
between two taste solutions re- 
a difference in palatability, 
he term appetite refers to internal 
xinants of food acceptance and 
ence. Insofar as a preference is 
ttermined by deprivation or satiation, 
by surgical operation, by special condi- 
ns such as pregnancy and lactation, 
Wy diseases, etc., it is appropriate to 
of appetite. When an animal 
is a food continuously there are ap- 
Mtitive changes. There is some evi- 
fence for a “warming up” effect which 
French have expressed in an 
phorism: “L’appétit vient en man- 
And with continued eating 
here is the inevitable approach to satia- 
n which is experienced subjectively 
a reduction of desire. 
distinction between palatability 
and appetite does not imply that there 
ire two kinds of affective processes. 
? would postulate only one kind of af- 
ive process, with positive and nega- 
live signs, but different sets of condi- 
Ons that affect it. 
_ An experiment by Shuford (in press) 
all be cited to illustrate the validity of 
ihe distinction between palatability and 
tite as objective concepts. 
_ Shuford studied the relative accept- 
ce of sucrose and glucose solutions 
N d-free rats. He arbitrarily se- 
sted for study three concentrations of 
solutions, namely, 5 and 15 
nd 35%. For each of these solutions 
Computed, on the basis of preference 
ests of the intake type, the concentra- 
S of sucrose solutions that would 
equally acceptable. 
During the main experiment 30 ani- 
were given, individually, a 20- 
ute drinking test with each of the 
Sugar solutions (three of glucose 
three of sucrose) presented singly. 
a rat was given one test per day. 
1x solutions were presented ac- 
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Fro. 2 Intake curves for pairs of iso- 
hedonic solutions of sucrose (S) and glucose 
(G). From Shuford (in press). 


cording to a counterbalanced latin 
square design. 

The curves presented in Fig. 2 show 
the cumulative mean intake for each of 
the six solutions as a function of drink- 
ing time. Itis obvious at a glance that 
the six solutions do not yield identical 
curves of intake. The greatest quanti- 
ties of fluid consumed during the 20- 
minute test were for the 9.6% sucrose 
solution (9.6 S) and the 15% glucose 
solution (15 G). The lowest fuid 
intake was for the pair of solutions 
with the highest concentrations (27.6 S 
and 35 G). 

A careful study of these three pairs 
of curves reveals an interesting fact. 
The initial rate of acceptance is prac- 
tically the same for the two fluids in 
each pair of isohedonic solutions, Com- 
pare the curves for the first 12 minutes 
in the tests with 5 G and 2 S; and the 
curves for the first 5 minutes in tests 
with 15 G and 9.6 S; and those for the 
first 1 or 2 minutes in tests with 35 G 
and 27.6 S. The initial rates of accept- 
ance are nearly identical for each pair 
of solutions. If the initial slopes of 
these pairs of curves are studied by 
noting the angle of a curve to the ver- 
tical, it will be seen that the highest 
rate of acceptance was for the pair with 
highest concentrations ; an intermediate 
rate was obtained for the pair with 
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intermediate concentrations; and the 
lowest initial rate was for the lowest 
concentrations. 

In an earlier study, McCleary (1953) 
failed to find a positive relation be- 
tween initial rate of acceptance and 
concentration of solution. His rats, 
however, were thirsty and doubtless 
drank at a maximal rate of acceptance 
throughout the tests. Shuford’s rats, 
by contrast, were neither thirsty, hun- 
gry, nor deprived in any known way, 
and their initial rate of ingestion was 
positively related to the concentration 
of solution. 

Shuford’s work confirms a distinc- 
tion, drawn by McCleary, between a 
taste factor and a postingestion factor 
in the regulation of intake. The taste 
factor regulates the initial rate of ac- 
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Fic. 3. Cumulative mean intake of sucrose 
(S) and glucose (G) solutions as a function 
of osmotic pressure and drinking time. From 
Shuford (in press). 
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ceptance ; but sooner or later the g 
ingestion factor checks int 
Both McCleary and Shuford den 
strated that the checking of inges 
as the limit of satiation is approad 
is regulated in some way by the osm 0 
pressure of the fluid contents of f 
stomach. 

Figure 3 presents Shuford’s d 
plotted to show the influence of 4 
motic pressure upon intake. Osmé 
pressure (in atmospheres) is repi 
sented along the baseline which sho 
the location of the four sugar soluti 
that are hypertonic. The illustrat 
gives cumulative mean intake (in ¢ 
for the four hypertonic sugar solutia 
plotted after 1, 4, 8, 12, 16, and 
minutes of drinking. 

It is obvious from Fig. 3 that | 
quantity of fluid ingested during a fi 
period of time is a decreasing functi 
of osmotic pressure of the solution 
well as an increasing function of f 
duration of drinking time. If the d 
ing time is held constant, at 4 or 8 
20 minutes, the quantity of fluid i 
gested decreases as the osmotic p 
sure increases. 

In general, this experiment demo 
strates the validity of the distincti 
between the peripheral (sensory) 
internal (organic) determinants of. 
take. Since both sets of determinat 
regulate intake, it would be confusi 
as I pointed out above, to interpret 
quantity of fluid ingested as an ind 
of either appetite or palatability. T 
two groups of determinants operá 
jointly but they can be experimenta 
distinguished. 


Two Effects of Deprivation 


One of the commonest techniques 1 
controlling the degree of motivation 
to deprive an animal of food or wa 
for a specified period of time. Th 
one reads about a 24-hour hunger d 
ora 12-hour thirst drive. Well-starv 
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animals are the rule rather thah the 
exception ! 

One limitation of the starvation tech- 
nique is that with prolonged depriva- 
tions an enfeeblement develops which 
lowers the level of drive. Although 
drive is low, the need for nutrient in- 
creases steadily’ up to the point of 
death through inanition. Doubtless 
incentive value increases, too, and this 
is not necessarily the same as drive. 

For several years I have experi- 
mented with need-free rats, ie., rats 
that have an unlimited supply of ade- 
quate diet and water in their cages at 
all times up to the moment of testing. 
There can be no doubt that such need- 
free animals respond positively to food 
incentives that are supplementary to 
their maintenance diet just as a child 
responds positively to candy which he 
does not need. 

I have controlled degree of motiva- 
tion by manipulating incentive condi- 
tions rather than by deprivations. 
When solutions are employed as incen- 
tives, a precise quantitative control over 
Motivation is possible and, incidentally, 
it is possible to scale incentives with a 
precision far exceeding that obtainable 
from the starvation methods. 

In two experiments a 1-day thirst 
Was introduced for experimental pur- 
Poses. Two interesting side effects of 
deprivation were discovered more or 
less accidentally : 

1. Young and Falk (1956a) found 
that thirst made rats less ready to 
discriminate between two kinds of 
drinking water, Nonthirsty animals, 
Previously trained to run upon the 
Preference tester, were given a choice 

ween local tap water and distilled 
Water. All 12 animals selected tap 
Water in preference to distilled; 5 of 
the 12 revealed a preference significant 
at the .01 level or better; no rat pre- 
ferred distilled water. When the rats 
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were made thirsty this preferential dis- 
crimination vanished. The rate of run- 
ning on the apparatus was markedly 
increased by thirst but, as we said, the 
rats became indiscriminate, 

Our interpretation of this finding 
was that thirst raised the appetitive 
level for all kinds of drinking water, 
The appetitive increment masked a 
small but consistent difference in pala- 
tability which was readily demonstrated 
under need-free conditions, 

2. In a related experiment Young 
and Falk (1956b) were studying the 
relative acceptability of sodium chlo- 
ride solutions. It was found that need- 
free rats occasionally accepted sodium 
chloride solutions with concentrations 
as high as 3 or 6%. We hoped that 
we could force these rats to show a 
preference between pairs of hypertonic 
NaCl solutions by making them thirsty. 
Actually, we found that a condition of 
thirst inhibited the running activity 
when the NaCl incentives were 3 and 
6%. 

This inhibition remained when the 
thirst was removed and a more palata- 
ble solution substituted for one of the 
hypertonic solutions. Some of the ani- 
mals eventually recovered normal run- 
ning but they recovered it via sporadic 
bursts of activity at a high rate of 
running—a fact which indicates that 
thirst merely inhibited a well-practiced 
running pattern. There was inhibition 
of the shuttle pattern rather than ex- 
tinction of the kind that occurs when 
sucrose is withdrawn from an incentive 
fluid. 

In general: (a) Deprivation may ob- 
scure a small but consistent difference 
in palatability that is obvious under 
nondeprivation conditions. (b) Depri- 
vation may inhibit activity if the starva- 
tion technique is used as a means of 
forcing animals to discriminate between 
two hedonically negative test-fluids. 
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The Experimental Control of Food 
Preferences 


The techniques employed for the ex- 
perimental control of food preferences 
and some of the main results obtained 
will be summarized under five headings : 

1. Reversal of a preference through 

satiation upon the preferred food. In 
one experiment (Young, 1940) it was 
determined that the maintenance diet 
supported a stable preference of su- 
crose to whole-wheat powder. Then 
rats were prefed upon sucrose, for con- 
trolled periods of time, immediately 
before tests of preference. Prefeeding 
to the extent of 100-400 contact-sec- 
onds did not change the preference but, 
when the animals were satiated (900 
contact-seconds or less), all of them 
developed a preference for whole-wheat 
powder. 


The preference did not change im- 
mediately, but it developed gradually 
through a series of choices. When the 
prefeeding of sucrose was discontinued 
the original sugar preference did not 
immediately return, but there was a 
gradual and unmistakable trend in the 
direction of the original preference. 

2. Reversal of a preference through 
plead gn need for the non- 
pri ‘ood. In an experiment 
Young and Chaplin (1945) rage 
rats were maintained in cafeteria cages 
upon a self-selected diet, i.e., the ani- 
mals were given unlimited access to 
the components of an adequate diet, 
presented in separate containers. Re- 
peated preference tests were made be- 
tween two of the dietary components : 
sucrose and casein. The need-free rats 
developed a consistent preference for 
sucrose. After the preference had de- 
veloped, protein- starvation was com- 
menced by removing casein from the 
diet. 

As protein starvation steadily in- 
creased, the animals continued to select 
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the sticrose (which they did not need) 
in preference to the casein (which they 
obviously did need). Then a new tech- 
nique of preference testing was intro- | 
duced. The rats were placed in an 
apparatus that resembled a Y maze 
with test-foods far apart and in fixed, 
familiar positions. In this apparatus 
all animals promptly developed a pref- 
erence for casein. For a while there 
were two incompatible preferences. On 
the standard apparatus the rats showed — 
a preference for sucrose ; on the Y-maze 
apparatus they showed a preference 
for casein. 

A series of control experiments 
(Young, 1945) demonstrated that if 
naive rats are first depleted of protein 
and then tested with both kinds of © 
apparatus, they develop the same pref- 
erence—a preference for casein. This 
preference agrees completely with 
metabolic needs. 

The total investigation demonstrates 
these principles: (a) Need-free rats 
prefer sucrose to casein and the differ- 
ence is one of palatability. (b) Pro- 
tein-starved rats develop a preference 
of casein to sucrose, in agreement with 
their metabolic needs. (c) Established 
habits of preference tend to persist as 
regulators of food selection even when 
the selections are out of line with meta- 
bolic needs and out of line with pre 
vious relations of palatability. 

3. Control of preference by changing 
palatability. An obvious technique for | 
controlling food preference is to alter 
the palatability of one of the test-foods. — 
Humans alter palatability whenever 


they add sugar or salt or vinegar to ® 
food or change its temperature to make 
it taste better. Actually this is ê 
change in the character or kind of food 

In current work with compound s0 
lutions it has been found that the addi- 
tion of sodium chloride to a sucrost 
solution may either raise or lower the 
level of palatability depending upon the 
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concentrations of both components. 

The employment of solutions 
m makes possible a great deal of objective 
research upon the determinants of rela- 
tive palatability. 

4. Control of preference by associat- 
ing a flavor with organic relief. Dur- 
ing the early years of vitamin research, 
Harris et al. (1933) studied the acqui- 
sition of preferential food habits by 
laboratory rats. They found that when 
fats were depleted of the Vitamin B 
complex, they were unable to select a 
food containing a small but sufficient 
amount of the vitamin. If, however, 
the animals suffering from avitaminosis 
Were isolated and fed a vitamin-ade- 
quate food with a distinctive flavor, so 
" that they could associate a specific 
flavor with relief from the distressing 
_ Symptoms of vitamin deficiency, they 
Continued to select this food when it 
was placed among other foods. The 
fats continued to select this food 
(labeled by a flavor) even after the 
Vitamin was withdrawn and the diet 
again made inadequate. 
d This pioneer experiment indicates 
| that preferential food habits can be 
altered by associating sensory qualities 
With organic relief from distress. It 

= also supports the principle that food 
habits, once they are formed, take over 
i the function of regulating food selec- 


tions independently of need and affec- 
processes. 

© 5. Control of preference through 

T habituation and training. Experiments 

upon the control of food preference 

e h training, when palatability and 

“ metabolic need are held constant, have 

_ thus far given negative or indecisive 

Fesults. In one study rats were forced 

to accept casein (an unpalatable food) 

for 1,000 runs without choice and peri- 

Odically, during their training, given 

lef preference tests between casein 

and sucrose. The forced acceptance of 

an unpalatable food only made the 
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preference for sucrose stand out with 
increasing clarity and certainty. 
In general, the t that have 
proved most successful Joes ~: 
mental control of food preferences have 
typically involved an hedonic change in 
the positive direction. And there is 
much evidence that, once a food habit 
has taken over the regulation of the 
feeding process, this habit tends to per- 
sist as a stable determinant of food 
selections regardless of metabolic needs 
and prior palatability relations. 


LEARNING AND PERFORMANCE AS 
RELATED TO THE Arractive 
Processes 


Reinforcement Defined in Terms of 

Probability 

What is reinforcement? According 
to my dictionary, reinforcement is 
something which strengthens. An 
army is reinforced by bringing up fresh 
troops, ammunition, and food; con- 
crete is reinforced by addition of metal 
rods. 

For a good many psychologists rein- 
forcement is a kind of strengthening of 
associative bonds that is revealed by 
an increased probability that a given 
stimulus-situation will elicit a specific 
response. Thus Spence (1956) writes : 


a class of events known as reinforcers or 
reinforcing events, All environmental events 
not exhibiting this property fall into a dif- 
ferent class that may be designated as non- 
reinforcers. . . . Respon: or 


accompanied 
is of events (namely, 


(Spence, 1956, pp. 32-33). 

A definition of reinforcement in 
terms of probability is immune to criti- 
cism because it simply generalizes the 
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empirical facts. This type of definition 
is theoretically safe. Its limitation is 
that it tells nothing concerning the na- 
ture of the reinforcing event. We 
would honestly like to know what goes 
on within the organism when reinforce- 
ment occurs and what goes on when a 
learned response becomes extinguished. 

When learning is viewed in terms of 
probability one fact stands out clearly: 
Exercise (practice, drill, training) re- 
sults in an increased probability that a 
given stimulus-situation will elicit an 
associated response, and the lack of ex- 
ercise results in a decreased probabil- 
ity. Most psychologists, however, 
would distinguish between learning 
through exercise and reinforcement; 
and most would distinguish between 
extinction and forgetting. 

To clarify the picture let us first 
regard reinforcement as a phenomenon 
of learning that is due to exercise and 
then consider another view. 


Reinforcement as Growth of Habit 
Strength Through Practice 


Hebb (1949), following Lorente de 
Nó, assumed that the physical basis 
of learning is a growth of synaptic 
knobs. When the axon of Neuron A 
excites Neuron B repeatedly and per- 
sistently, there is a growth process in 
one or both of the nerve cells such that 
A’s efficiency in firing B is increased. 
This growth process appears as the 
development of synaptic knobs on one 
or both of the neurons at the locus of 
functional contact. The number and 
size of these knobs are dependent upon 
the frequency of joint excitation, Pre- 
sumably the area of contact is the 
decisive factor in determining the like- 
lihood that activity in one cell will fire 
another. The greater the area of con- 
tact, the lower the synaptic resistance, 
According to this view, learning is a 
physical growth process dependent 
upon simultaneous excitation of two 
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or more contiguous nerve cells. Learn- 
ing is a physical change in neural struc- 
ture. A frequency-contiguity theory 
of learning appears sufficient to explain 
the facts of practice. 

The view that practice reinforces an 
S-R bond and lack of practice extin- 
guishes it, is unacceptable to most psy- 
chologists because it appears to miss 
the point. This view is out of line with 
the formulations of Hull, Skinner, 
Spence, Sheffield, and others, as well as 
with Pavloy’s original meaning. 

Pavlov demonstrated that, for a con- 
ditional reflex to persist, it must occa- 
sionally be “reinforced.” Everyone 
knows that if the bell is sounded re- 
peatedly and the dog is never rewarded 
by meat powder, the CR becomes “ex- 
tinguished.” For a CR to continue, 
it must occasionally be “reinforced” by 
the presentation of food. 

A good many psychologists describe 
reinforcement not as an organic event 
but in terms of the reinforcing agent— 
food—but food, of course, is only one 
kind of reinforcement. In going over 
some recent literature upon reinforce- 
ment I noted the following statements: 
Reinforcements are weighed in grams, 
measured in cubic centimeters, counted 
out in uniform pellets, controlled by 
drops of fluid. The concentration of 
sugar in a solution measures the amount 
of reinforcement. Some reinforcements 
are solid; others are fluid. One writer 
stated that the reinforcements were 
consumed by the rat! Reinforcements 
differ in amount and in quality; their 
presentation can be delayed, placed 
upon various kinds of schedules, etc: 
Now I submit that these statements 
make sense if, and only if, we assume 
that reinforcement is a food object of- 
fered to the animal as a kind of re- 
ward. There is thus a rather careless 
use of the term reinforcement and a 
tendency to ignore its nature as an in- 
ternal, organic, process, 
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Reinforcement as Change in Perform- 
ance Dependent upon Affective Proc- 
esses 
According to another view, rein- 

forcement is a determinant of perform- 
ance rather than learning. Perform- 
ance depends upon affective processes 
in a way that can be demonstrated with 
good precision. Two experiments will 
be described to illustrate the point: 

1. Young and Asdourian (1957), in 
the experiment considered above, of- 
fered rats a choice between a 1% so- 
dium chloride solution and a sucrose 
solution having a fixed concentration. 
For one group of animals the sucrose 
concentration was 54% (very sweet) ; 
for a second group the concentration 
was 18% (definitely sweet) ; for a third 
group the concentration was 6% 
(weakly sweet); for a fourth group 
the concentration was 2% (very weakly 
sweet). There were 8 rats in each 
group. Every animal was given a 
total of 100 choices between a sugar 
solution and the standard solution of 
1% salt. 

The 32 rats uniformly developed a 
preference for the sugar solution rather 
than the salt. The rate of growth of 
this preferential discrimination, how- 
ever, depended upon concentration of 
the sugar solution. 

Figure 4 shows the proportion of 
choices of sugar solution when tested 
against a standard salt solution. The 
Proportions of choices for each sucrose 
solution have been computed on the 
basis of cumulative choices. To be 
Specific : the first proportions are based 
upon the first 10 choices per rat; the 
Second set of proportions are based 
upon the first 20 choices per rat; the 
third upon the first 40 choices per rat, 
and so on. The last proportions are 
based upon the total series of 100 
choices per rat (800 for each experi- 
mental group). 
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PROPORTION OF CHOICES OF SUCROSE 
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Fic. 4. Proportion of choices of sucrose 
solutions, having the concentrations shown, 
when paired with a standard solution of 1% 
sodium chloride. The curves are plotted 
from data obtained by Young and Asdourian 
(1957). 


Figure 4 shows that the proportion 
of choices of a sugar solution depends 
upon the total number of previous 
choices. This is because the animal 
steadily learns to make a preferential 
discrimination. The figure clearly 
shows that the growth of a preference 
is dependent upon two factors: (a) 
amount of previous practice, and (b) 
concentration of solution. Now, in 
terms of the probability doctrine, one 
must recognize that the probability that 
a rat will select a sugar solution in pref- 
erence to a standard salt solution in- 
creases with both factors. 

To illustrate the point further, con- 
sider a probability of 0.75—midway 
between chance (0.50) and invariable 
preference (1.00). In Fig. 4 a line 
of dashes, parallel to the base, has been 
drawn at 0.75. Auxiliary dash lines 
have been added to indicate that sugar 
will be selected in preference to salt 
in 75% of the choices if: 

(a) A 54% sugar solution is of- 
fered for choice 17 times. 

(b) An 18% sugar solution is of- 
fered for choice 38 times. 

(c) A 6% sugar solution is offered 
for choice 66 times. 
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(d) A 2% sugar solution is offered 
for choice 122 times. 

This means that one can obtain a 
performance level of 75% of sugar 
choices for almost any concentration of 
sucrose simply by giving the animals 
sufficient practice in the preferential 
discrimination ; but the lower the con- 
centration of sugar, the greater the 
number of choices that are required to 
reach a specified level of performance. 

The two factors that determine per- 
formance are independently variable 
and each can be expressed in equivalent 
terms of the other. It is possible, for 
example, to determine the practice 
equivalent of a 10% increase of sucrose 
concentration. 

2. Another experiment that is closely 
related to the above has been described 
by Dufort and Kimble (1956). Their 
work clearly shows the relation be- 
tween performance and the concentra- 
tion of sucrose solution offered as a 
reward, 

In their experiment rats ran down 
a straight 18-inch runway to a semi- 
circular goal platform around the cir- 
cumference of which were five cups 
(bottle caps) equally spaced. During 
pretraining, all animals received one 
drop of a 10% sucrose solution in each 
of the five cups. Then, during an 


MEAN PERCENTAGE OF CORRECT mesroNse 


as ee a ae: 
TRIALS IN BLOCKS OF FOUR _ 


Fic. 5. Mean percentage of correct re- 
sponses as a function of practice and incen- 
tive value. Original data are for 40 rats. 
For each experimental treatment, N = 10. 
From Dufort and Kimble ( 1956). 
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original learning period of five trials, 
the animals learned to run to one of 
the cups that contained a single drop 
of sucrose solution, the other four cups 
being empty. Following this original 
learning, the 40 animals were divided 
into four equivalent groups of 10 rats 
each that were treated differently. The 
rats in one group learned to run to a 
cup containing a single drop of 20% 
sucrose solution. Those in a second 
group learned to run to a cup contain- 
ing a single drop of 10% solution, i.e, 
there was no change of concentration. 
A third group learned to run to a cup 
containing a single drop of 5% solu- 
tion. A fourth group was tested with 
a drop of distilled water (0% sucrose) 
in one of the cups. 

Results are presented graphically in 
Fig. 5. Dufort and Kimble plotted 
the mean percentage of correct re- 
sponses under the different incentive 
conditions. It is clear from their data 
that the mean percentage of correct 
choices is a direct function of the con- 
centration of sucrose within a single 
drop of incentive fluid. The 20% solu- 
tion gave better performance than the 
10% ; the 10% solution was better than 
the 5%; the distilled water (0%) led 
to extinction of the previously learned 
pattern. Dufort and Kimble correctly 
regard extinction as a limiting case in ° 
a series of tests with reduced concen- 
trations of sucrose. 

The extinction of a learned pattern 
when distilled water was substituted 
for a sucrose solution recalls Gutt- 
man’s (1953) concept of the reinforce- 
ment threshold. 

This also recalls an unpublished 
study in which it was found that learn- 
ing occurred intermittently when incen- 
tives of low hedonic value (2% and 
6% sucrose solutions) were offered to 
need-free rats. The animals were timed 
as they made 1 run per day down a 
S-foot straightaway. Some animals 
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showed learning for a series of days 
and then for a long series of days they 
continued to approach the sugar solu- 
tion but with no indication of learning. 
They showed no improvement with 
practice; their performance was on a 
plateau. Animals running to higher 
concentrations, by contrast, produced 
the usual type of performance curve 
with negative acceleration. 

It is clear from the above experi- 
ments that reinforcement may mean 
either of two things: (a) Reinforce- 
ment is a phenomenon of learning—a 
change in habit strength due to prac- 
tice. (b) Reinforcement is a phenome- 
non of motivation—a change revealed 
in performance that is dependent upon 
affective processes associated with sen- 
sory stimulations. The second mean- 
ing will be accepted for purposes of 
the present discussion. 


MOTIVATION AND THE AFFECTIVE 
PROCESSES 


The study of motivation is notorious 
for its unsettled state. The difficulty 
lies in basic concepts and definitions. 
Just what does the study of motivation 
include? 

If motivation is viewed as a process, 
there are at least three aspects that 
Must be considered in defining the con- 
cept. First, motivation may be viewed 
as the process of arousing and sustain- 
ing action. This includes physiological 
activation through sensory stimulation, 
inner chemical sensitization, direct 
brain action, and through other means. 
Second, motivation may be viewed as 
the process of regulating and directing 

havior, especially channeling behavior 
toward goals. This aspect includes 
Tegulation through neural structures, 
direction by purposive sets and orien- 
tations, and regulation by environmen- 
` tal conditions. Third, motivation may 
viewed not as a contemporary event 
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but as a disposition or psychological 
State that persists over a period of 
time. This view implies the existence 
of a stable organism which carries 
about with him certain attitudes, evalu- 
tive dispositions, intents to act, inter- 
ests, and sentiments, as well as latent 
abilities, skills, and habit structures. 

How do affective processes fit into 
this comprehensive picture of motiva- 
tion? I think that from every point 
of view the affective processes must 
be regarded as motivational in nature. 
First, affective processes activate neuro- 
behavioral patterns, Second, affective 
processes regulate and direct behavior 
according to the principle of maxi- 
mizing the positive and minimizing the 
negative. Third, affective processes 
have the specific role of organizing 
neurobehavioral patterns. They lead 
to the development of motives and 
evaluative dispositions that are rela- 
tively stable and permanent. How 
they accomplish this is a question for 
research and not speculation. 


Affective Intensity and the Strength of 
Motives s 


In earlier studies I wrote about 
“food-seeking drives,” but this termi- 
nology is confusing, since food-seeking 
behavior is learned and drives are in- 
nate! Judson Brown (1953) deserves 
the credit for pointing out the ambig- 
uity in the concept of acquired drives. 
The term drive has many meanings, 
and I would like, in this paper, to side- 
step the problem of defining drive. If 
we follow Nissen (1954), all drives are 
innate and it is nonsense to talk about 
acquired drives. Animals acquire pat- 
terns of behavior that are instrumental 
in arriving at goals. Rats learn to 
run a maze, to press a bar, to shuttle 
back and forth on the preference tester, 
to swim over a pathway, etc., in order 
to arrive at a goal. What they learn 
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is not a drive; it may, with equal pro- 
priety, be called a habit or a motive. 
By common consent it is proper to 
speak of the acquisition of motives since 
motives, by definition, are learned and 
not innate. 

Several experiments will be consid- 
ered to show how the strength of a 
motive depends upon the intensity of 
affective processes: 

1, In one experiment (Young, 1947) 
rats were timed as they ran back and 
forth upon the preference tester to ob- 
tain nibbles of food from a single cup. 
Each rat made 30 runs (round trips) 
for a sucrose incentive, 30 for wheat, 
and 30 for casein. The total of 90 
runs constituted a cycle, and each ani- 
mal went through the cycle five times. 

Preference tests established the fact 
that sucrose was the most palatable of 
the three incentives; wheat was almost 
as palatable as sucrose; casein was very 
low in palatability relative to the other 
two incentives. 

The data showed that the rate of 
running was directly proportional to 
the palatability level of the incentive. 
The animals ran fastest for a sucrose 
incentive, almost as fast for wheat as 
for sucrose, and the slowest running 
was for casein. The rate of running, 
therefore, correlated perfectly with the 
level of palatability as determined by 
preference tests. 

Running, however, is not learning. 
The rate of running is known to vary 
with many factors other than palatabil- 
ity and there are wide individual differ- 
ences in running rates. To equalize 
these gross differences in running rates 
and to discover the dependence of per- 
formance upon practice alone, I arbi- 
trarily equated the total time required 
by a rat to complete 30 runs, for a 
given incentive, with unity. Then I 
divided this unitary (total) time into 
thirds to discover how many runs were 
completed during each successive third. 
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There were practice gains with every 
incentive, but a careful study of the 
data failed to reveal any significant 
differences among the practice gains 
with the three incentives. Learning 
appeared to depend solely upon the 
amount of practice in running the shut- 
tle pattern and not at all upon the 
palatability of the incentive. 

It was concluded that learning is a 
function of the number of runs, i.e, 
the amount of practice, quite apart 
from the palatability of the incentive. 
At equivalent stages of learning, of 
course, the rats ran faster for the more 
palatable incentive. But running is 
performance (depending upon motiva- 
tion, learning, and other factors) and 
is not to be confused with a pure prac- 
tice effect, 

2. The dependence of strength of 
motives upon hedonic intensity, dura- 
tion, and repetition was studied in an 
experiment by Young and Shuford 
(1954). To control hedonic intensity 
they varied the concentration of sucrose 
solutions (54 or 18 or 6 or 2%); to 
control hedonic duration they varied 
the number of seconds of contact with 
a solution per trial (1 or 4 or 16 con- 
tact-seconds) ; to control repetition, or 
frequency of affective arousal, they 
gave the animals one run per day for 
18 days. 

In the main experiment each rat had 
had opportunity to explore the total 
apparatus and also 60 seconds of pre- 
liminary contact with his specific st- 
crose incentive in the cup, prior to 
Trial 1. On Trial 1 the approach time 
from starting box to test-fluid was 
measured. It was found that the rats 
ran faster in approaching a sucrose 
solution of 54% or 18% than to one 
of 6% or 2%. In other words, rats 
ran faster to a highly palatable incen- 
tive than to one of low palatability. 

All animals speeded up markedly 
with practice. After 14 to 18 daily 


runs the rats in all incentive groups 
approached the sucrose solution with 
` near-maximal speed. The initial dif- 
ferences in speed of running (depend- 
ent upon palatability) were obscured 
by practice which had the effect of 
accelerating all animals and of reducing 
_ group differences in performance. 

This finding suggests that positive 
affective processes have the role of 
Organizing approach motives. After an 
approach motive has been organized it 
tends, with practice, to become auto- 
Matic and habitual. In other words, 
habit takes over the initial regulatory 
function of the affective processes. 

In this experiment a positive rela- 
tion was found between approach be- 
havior and the duration of affective 
Processes. The experiment was so de- 
Signed that one-third of the animals in 
each incentive group received daily 1 
Contact-second with the sucrose solu- 
tion; another third received 4 contact- 
Seconds ; another third received 16 con- 
tact-seconds. After practice, the la- 
tency (time required for a rat to leave 
the starting box) was inversely related 
(.05 confidence level) to the duration 
of contact with the sucrose solution. 

3. In another study, Mason (1956) 
controlled the duration of contact with 
Sucrose solution by varying the num- 
i of separate licks. He found that 
50 licks of sucrose solution were more 
effective than 10 licks as an incentive 
to rats running down a 5-foot straight- 
away. He found also, in agreement 
with Young and Shuford, that the con- 
centration of sucrose solution and the 
frequency of contact (which he de- 
_Scribed as the ratio of reinforced trials) 
Were highly significant determinants of 
Performance. 

The above three investigations agree 
completely in the main points. All of 
em show that the intensity of affective 
Arousal (controlled by kind of food or 
concentration of sucrose solution), 
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the duration of affective arousal (con- 
trolled by number of contact-seconds 
or number of licks), and the f 

of affective arousal (controlled by 
number of contacts with the food) are 
significant determinants of the rate of 
running for a food incentive. 

The data justify the postulate that 
the strength of a motive to approach, 
as shown by speed of locomotion and 
latency, is directly related to the in- 
tensity, duration, and frequency of af- 
fective arousals. We might add that 
the recency of affective arousal is prob- 
ably also a factor. 

It should be kept in mind that in 
the Young and Shuford experiment the 
rats had only one brief contact with 
the sucrose solution per day and that 
the strength of an approach motive 
was measured 24 hours after this brief 
contact. This means that there are at 
least two factors in the motivation : the 
primary affective arousal and the 
learned neural determination that 
orients the animal toward the goal and 
regulates his approach. The learned 
orientation is an approach motive and 
its strength is correlated with hedonic 
intensity, duration, frequency, and 
probably recency. 

It is obviously necessary to distin- 
guish between the primary hedonic mo- 
tivation and the secondary motivation 
that is based upon it. I would postu- 
late that, after an initial contact with 
the sucrose solution, the environmental 
stimulus cues from the apparatus red- 
integrate the animal’s goal orientation 
and that the strength of this secondary 
motivation is dependent upon the in- 
tensity of proprioceptive tension pro- 
duced by the goal-orientation. This 
means that proprioceptive tension in the 
learned motivation is positively corre- 
lated with hedonic intensity in the 

rimary motivation. This is a matter, 
HERA which should be tested in the 
laboratory and not settled by words. 
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The Regulative Role of Affective Proc- 
esses in Preferential Learning 


Preferential learning differs from the 
acquisition of a simple running motive 
in that it implies an element of choice. 
If a rat, on the preference tester, de- 
velops a preference of A > B, I would 
assume that A is more palatable than 
B; if he develops a preference of B 
> A, I would assume that B is more 
palatable. If no preference develops, 
there is no basis for assuming a differ- 
ence of palatability; the two test-foods 
may be isohedonic or the animal may 
be indiscriminate, 

A preference test does not reveal the 
absolute level of affective intensity but 
only the relative levels associated with 
two incentives, This fact may be illus- 
trated by curves plotted from data in 
which preference tests were run with 
three pairs of test-foods: (a) sucrose 
and casein, (b) wheat and casein, and 
(c) sucrose and wheat (see Young, 
1947, p. 49). The percentages that 
indicate preference were highest for 
the first pair (sucrose and casein), 
where the difference in palatability was 
greatest. The percentages were lowest 
for the third pair (sucrose and wheat), 
where the difference in palatability was 
slight but the incentives themselves 
were of high palatability. A prefer- 
ence test, therefore, reveals only the 
relative affective intensities. 

This same principle of relativity can 
be illustrated by the data presented in 
Fig. 4. In the experiment (described 
above) a 1% NaCl solution, used as 
a standard in all comparisons, turned 
out to be very low in palatability. 
Consequently, the difference in affective 
intensity between the NaCl standard 
and a sucrose solution is proportional 
to the concentration of the sucrose so- 
lution. The curves show clearly that 
the rate of development of a preferen- 
tial discrimination is dependent upon 
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the difference of hedonic intensity be- 
tween the two incentives. Incidentally, 
these growth curves are not true curves 
of learning. They are curves of per- 
formance in which both learning and 
affective processes contribute to the 
growth process. 

In the light of many such sets of 
curves, I make the assumption that 
affective processes are regulative and 
organizing in function. The relative 
intensities of affective arousals asso- 
ciated with two stimuli determine 
whether the animal will develop one 
preference or its opposite or no pref- 
erence at all. Also, the relative he- 
donic intensities determine the rate of 
growth of a preferential discrimination 
when practice is held constant. 

Because of their regulative role the 
affective processes are importantly re- 
lated to learning as well as to perform- 
ance. Affective processes determine 
what neurobehavioral patterns an ani- 
mal will organize and exercise, whether 
or not he will learn a particular pattern, 
how many trials it will take him to 
learn a pattern up to some specified 
criterion of performance, how well he 
will perform a learned act, etc. But 
despite all of this, it is impossible to 
equate affective processes with learn- 
ing. I know of no evidence that affec- 
tive processes cause learning. They 
have a regulative and organizing func- 
tion and hence influence the neuro- 
behavioral patterns that are learned. 
Affectivity is not necessary for learn- 
ing to occur; it is certainly not neces- 
sary for human learning. 


Incentive Value and Affective Process 


If a rat shows a positive orientation 
toward a sugar cup, this orientation 
can be taken as a mark of positive 
evaluation. If an animal shows a nega- 
tive orientation toward a charged grill 
this orientation can be taken as a nega- 
tive evaluation. Similarly, if an ani- 
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mal develops a preferential habit, con- 
sistently selecting A rather than B, his 
consistent choices indicate a relative 
evaluation of two incentive objects. 

Evaluative dispositions develop 
through experience; they are based 
upon affective processes but they have 
a stability and permanence (dependent 
upon the nervous system) that is inde- 
pendent of current affective arousals. 
The sign of an evaluative attitude is 
based upon the sign of the affective 
process aroused by the object. The 
degree of incentive value is related 
to the intensity of primary affective 
arousal, 

Incentive values can be changed by 
deprivation and satiation. For exam- 
ple, an unpalatable food, like casein, 
can become more highly valued than 
sucrose if rats are starved for protein. 
Again, the incentive value of drinking 
water is greatly raised by thirst and 
lowered by satiation upon water. 

An evaluative disposition may be 
shown in behavior when there is no 
contact with the incentive object, as 
an experiment by Schlosberg and Pratt 
(1956) demonstrated. They baited one 
side of a T maze with food which 
could be smelled and seen by the rats 
but not eaten; the food was covered 
with a mesh screen so that it was 
definitely inaccessible. Rats learned to 
run the maze under conditions of 
hunger ; they did not learn it under 
conditions of food satiation. The only 
incentive in this experiment was the 
sight and smell of a familiar food. 

ere was no consummatory response, 
no drive reduction, no affective arousal 
through contact with the food. It 
might be said that when animals are 
hungry, food objects—even though in- 
accessible—are interesting and excit- 
ing. They have incentive value. 

This finding recalls an early experi- 
ment by Grindley in which hungry 
chicks ran down a runway to grains 


of rice which they ate; other chicks 
ran down the same runway to a plate 
glass through which they could see, 
but not touch, the grains of rice, The 
sight of food was temporarily effective 
as an incentive but after the first 4 or 
5 trials the inaccessible food reward 
began to lose its motivating effective- 
ness. 


In general, it must be recognized 
that incentive value cannot be identified 
with affective arousal, but incentive 
value has an obvious dependence upon 
affectivity. Incentive value is based 
upon an acquired (neural) disposition 
which has been organized through af- 
fective experience, It would be pre- 
mature, as Koch (1956) would cer- 
tainly agree, to assert that affectivity 
is the only basis upon which evaluative 
dispositions are formed. The nature of 
incentive value needs further study. 


Physiology of the Affective Processes 
Recent investigations in gee 2 
cal psychology indicate that affective 
have their locus in subcorti- 
cal regions of the brain. The implica- 
tions of the hedonic continuum (Fig. 
1) agree well with findings of current 
research upon “reward” and “punish- 
ment.” 


Olds (1955) has shown that if elec- 
trodes are implanted within the rat’s 
brain, especially within the septal area 
of the limbic system, electrical stimu- 
lation of these points is “rewarding.” 
For example, if a hungry rat is stimu- 
lated in a “reward” center when he 
approaches food, he will stop in his 
path at the point where he receives 
internal stimulation. Certain tracts in 
the subcortical region appear to be 
related to “reward”: they have been 
called “pleasure centers.” 

In a series of experiments by Del- 
gado, Roberts, and Miller (1954), the 
electrical stimulation of certain points 
within the brain of the cat appears to 


122 


act like “punishment.” For example, 
cats learned to rotate a wheel at the 
sound of a buzzer when rotation of 
the wheel broke a circuit and discon- 
tinued stimulation of the “punishment” 
centers through implanted electrodes. 
These and other investigators have 
also reported neural locations which, 
when stimulated, are neither “reward- 
ing” nor “punishing.” 

Miller (1957) reported some obser- 
vations by Roberts, on cats and rats, 
indicating that both “rewarding” and 
“punishing” effects can be elicited from 
stimulations of the same neural points. 
A rat, for example, would press a bar 
to produce electrical stimulation at a 
point in his brain, then go to the other 
end of the apparatus and rotate a 
wheel to turn off the current. The 
sequence of turning the current on and 
off was repeated many times. Ob- 
viously one must know more about this 
phenomenon factually before venturing 
an interpretation. But apart from this, 
the total evidence indicates that direct 
electrical stimulation of certain sub- 
cortical points is “rewarding”; stimu- 
lation of other points is “punishing” ; 
stimulation of still other points is 
neither or possibly both “rewarding” 
and “punishing,” depending upon 
conditions. 

In the light of these important dis- 
coveries within physiological psychol- 
ogy, it is reasonable to assume that 
certain peripheral organs have built-in 
connections with the neural mecha- 
nisms of affective arousal. The taste 
receptors for sweet, for example, ap- 
pear to be connected with positive he- 
donic mechanisms, for all intensities 
of sweet are acceptable to the rat and 
to most other animals. The receptors 
for salt, by contrast, appear to produce 
weak positive or neutral affectivity at 
hypotonic concentrations but negative 
affectivity at hypertonic concentrations. 
This fact suggests that the same cen- 
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tral mechanisms can mediate positive 
or negative affectivity, depending upon 
the intensity and possibly the duration 
of stimulation. 

This physiological work raises a 
of unanswered questions. It is impor- 
tant to discover how “reward” and 
“punishment” are related to activity 
within the reticular formation and to 
activation on the cortical level. It is 
important, also, to discover how affec- 
tive processes are related to activity i 
specific neural centers such as those 
that regulate sexual behavior, eating, 
drinking, sleeping, etc. 

One point is certain: It makes sense 
today to speak objectively about the 
physiology of affective processes. 


OBJECTIVE PRINCIPLES OF EXPERI- 
MENTAL HEDONISM 


Some of the objective principles of 
experimental hedonism are stated 
briefly below. These statements” 
should be regarded as tentative for- 
mulations and as a basis for further 
experimental studies : 5 

1. Stimulation has affective as well 
as sensory consequences. Along with 
gustatory stimulation by sugar solu- 
tions, for example, there is a positive 
affective arousal which, by its very 
nature, is something to be prolonged 
and intensified. Along with painful 
stimulation, there is a negative affective 
arousal which, by its very nature, iS 
something to be avoided. 

2. An affective arousal orients the 
animal toward or against the stimulus- 
object. This orientation can be read- 
ily observed. For example, when 
rat, in the course of exploratory activ- 
ity, makes contact with a sugar solu 
tion he may pause for a moment, then 
continue to explore. Sooner or later, 
however, he returns to the solution and 
takes more. After repeated sips he be- 
comes oriented toward the solution. 


If an experienced animal is delayed in 
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his approach to the cup, he shows a 
postural orientation toward the cup 
and approaches it quickly when re- 
leased. If, however, the animal is 
offered a quinine solution, he fails to 
develop a positive orientation or an 
existing positive orientation is inhibited. 

3. Affective processes lead to the de- 
velopment of motives. An orientation 
toward the goal-object is a motive that 
instigates and regulates behavior. The 
sign of an affective arousal determines 
whether an approach-maintaining mo- 
tive or an avoidance-terminating mo- 
tive will develop. This principle can 
be illustrated by numerous runway ex- 
periments in which animals acquire, 
through affective arousals, motives that 
lead to approach or to avoidance. 

4. The strength of a recently ac- 
quired motive is correlated with the 
intensity, duration, frequency, and re- 
cency of previous affective arousals. 
On the positive side, at least, the speed 
with which need-free rats approach a 
Sucrose solution is related to the con- 
centration and to the duration, fre- 
quency, and recovery of contact. With 
Practice, however, animals speed up 
their running as they approach a physi- 

' ological limit. This speeding up with 
practice may obscure initial differences 
due to affective arousals. 

5. The growth of motives is depend- 
ent upon learning as well as upon af- 
fective arousals. Learning of a simple 
pattern such as running down a straight 
alley or running back and forth upon 
the preference tester is dependent di- 
rectly on exercise (practice, drill, train- 
ing); but affective arousals play an 
€ssential motivating role in the organ- 
izing, activating, regulating, and sus- 
taining of neurobehavioral patterns. 

Tt is necessary, therefore, to distin- 
Suish between learning through exer- 
cise (practice, drill, training) and the 
edonic regulation of behavior. Affec- 
tive processes regulate and organize 
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neurobehavioral patterns in the sense 
that they determine what will be 
learned and what not; but such hedonic 
regulation and organization are not to 
be confused with learning through prac- 
tice. Learning is here defined as a 
change in neurobehavioral pattern that 
depends upon exercise. Affective proc- 
esses do not cause learning. They are 
motivational in nature and they influ- 
ence performance. 

6. The laws of conditioning apply to 
affective processes. Psychologists or- 
dinarily describe conditioning in terms 
of S-R bonds, but this view is inade- 
quate unless it can be made to include 
central affective processes. 

An environmental situation, through 
conditioning, comes to arouse affective 
processes directly. To illustrate: If a 
rat is placed upon a piece of apparatus, 
he learns to respond to the stimulus- 
pattern of his surroundings; but, in 
addition to the usual S-R patterns, the 
stimulus-situation produces an affective 
arousal. If there is a positive affective 
arousal, the whole situation becomes 
hedonically positive so that the animal 
comes to react positively to environ- 
mental stimulus-cues. If the situation 
is hedonically negative, the environ- 
mental stimulus-cues come to arouse 
negative affectivity—call it distress, 
anxiety, fear, or whatever you will. 

There is definitely an internal con- 
ditioning of affective processes along 
with the usual conditioning described 
in S-R terms. By human analogy it 
can be said that the animal learns how 
to feel in the situation as well as what 
cognitive discriminations to make and 
what acts to perform. 

7. Affective processes regulate be- 
havior by influencing choice. Nu- 
merous experiments upon the develop- 
ment of food preferences show that the 
sign and intensity of affective processes 
influence choice. The development of 
a food preference between two accept- 
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able foods indicates which food-stimu- 
lus arouses the more intense affective 
process. 

The acquisition of a preferential dis- 
crimination is not an instance of pure 
learning because affective processes de- 
termine whether one preference or its 
opposite will develop and, further, the 
relative hedonic intensities associated 
with two stimuli determine the rate of 
growth of a preferential pattern. 

8. Neurobehavioral patterns are or- 
ganized according to the hedonic prin- 
ciple of maximizing the positive and 
minimising the negative affective 
arousal. This principle has a very 
wide range of application. It is seen 
most clearly in situations that involve 
choice. The stimulus associated with 
the more intense affective arousal domi- 
nates the preferential discrimination. 


CONCLUSION 


Although feelings of pleasantness 
and unpleasantness are known directly 
only in human experience, the facts of 
animal behavior make it necessary to 
postulate that affective processes have 
an objective existence. Since affective 
processes are not directly observed in 
behavior, they must be postulated as 
intervening variables. The postulate 
brings together in an orderly way a 
large and complex body of interrelated 
facts. Moreover, there are indications 
that the hypothetical construct of affec- 
tive processes can some day be re- 
placed by a physiological account of the 
intervening events. 

Affective processes are motivational 
in the sense that they arouse, sustain, 
regulate, direct, and organize neuro- 
behavioral patterns. Reinforcement 
and extinction are viewed as changes 
in performance dependent upon affec- 
tive processes. Reinforcement must be 
distinguished from a change in habit 
strength due to exercise (practice, drill, 
training). 
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The postulate that affective processes 
have an objective existence is demanded 
by the facts of food acceptance but the 
postulate has a wider range of possible 
application—to sexual behavior, play, 
manipulation, and exploration, as well 
as to human action. Some principles 
of experimental hedonism have been 
tentatively formulated and it is sug- 
gested that they be tested in the 
laboratory. 
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The purpose of this note is to con- 
tribute to the theoretical formulation 
of sex differences in the development 
of masculine and feminine identifica- 
tion, and to review research findings 
relevant to this formulation. The con- 
cept of identification has held a promi- 
nent position not only in psychoanaly- 
sis, but also in other psychological 
theories (Cava & Rausch, 1952; Feni- 
chel, 1945; Lazowick, 1955; Martin, 
1954; Mowrer, 1953; Sanford, 1955; 
Stokes, 1950; Tiller, 1958; Tolman, 
1943). Sanford said of the term 
“identification” : 


A term that can be employed in so many 
different ways and that, as Tolman says, has 
been accepted by most psychologists and 
sociologists, could hardly mean anything very 
precise. It might be proposed, quite se- 
riously, that we give up the term “identi- 
fication” altogether... . We must in any 
case specify “what kind” [of identification] 
. .» (Sanford, 1955, p. 107). 


In this paper an attempt is made to 
comply with Sanford’s latter sugges- 
tion rather than throw out the term 
“identification” altogether. Such wide- 
spread use of the term suggests, if 
nothing more, its potential utility with 
adequate clarification. 

The present formulation differs from 
the classical Freudian position which 


1 This article is based on a paper of the 
same title read at the May 1958 annual meet- 
ing of the Rocky Mountain Psychological 
Association in Santa Fe, New Mexico. The 
writer not only leaned heavily on publica- 
tions by Daniel G. Brown, U. S. Air Force 
Academy, in developing this theoretical for- 
mulation, but he also gained a great deal 
from discussions with him. 


postulates that girls experience greater 
difficulty than boys in developing ap- 
propriate sexual identification because 
of their envy of the genital organ pos- 
sessed by little boys. It also differs 
from the Freudian position that, be- 
cause the girl has the same-sex parent 
(the mother) as her first love-object, 
she must therefore overcome a homo- 
sexual hurdle in developing same-sex 
identification (Fenichel, 1945). The 
position taken in this paper is in agree- 
ment with those who hold that, on the 
contrary, the early closeness of the girl 
to the same-sex parent (the mother) 
gives her an initial advantage in pro- 
gressing toward appropriate identifica- 
tion (Brown, 1956; Mowrer, 1953). 
This initial advantage is thought to be 
counterbalanced, to a large extent, by 
later learning experiences in this mas- 
culine-oriented culture. 

Before developing this formulation 
further, let us differentiate the concept 
of identification from other similar con- 
cepts. Brown (1956) clarified the con- 
cept of sex-role identification consider- 
ably by contrasting it to sex-role 
preference. Sex-role preference refers 
to the desire to adopt the behavior 
associated with one sex or the other, 
or the perception of such behavior as 
preferable or more desirable. This 
concept has been measured by simply 
asking Ss whether they have evet 
wished to be of the opposite sex (Fort 
tune survey, 1946; Gallup, 1955; Ter- 
man, 1938). It has also been measure 
by having children state their prefer- 
ence for objects, or pictures of objects; 
characteristic of one sex or the othe! 
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(Brown: 1956, 1957; Rabban, 1950). 
Let us add the concept of sex-role 
adoption. This concept refers to the 
actual adoption of behavior character- 
istic of one sex or the other, not simply 
the desire to adopt such behavior. 
Women, for example, sometimes wear 
clothes usually associated with males, 
e.g., trousers. Men sometimes become 
beauty operators, a vocation usually 
associated with women. This concept 
refers to one’s overt behavior, not to 
one’s sex-role preference. An individ- 
ual may, for example, adopt behavior 
characteristic of his own sex because 
it is expedient to do so, not because he 
prefers doing so. Sex-role preference 
is, to this extent, irrelevant to this par- 
ticular concept. The sex role one ac- 
tually incorporates, i.e., the role one 
identifies with, may, in some cases, 
also be irrelevant to sex-role adoption. 

Sex-role identification is reserved to 
refer to the actual incorporation of the 
role of a given sex, and to the uncon- 
scious reactions characteristic of that 
role. Thus, a person may be identified 
with the opposite sex, but for expe- 
diency adopt much of the behavior 
characteristic of his own sex. He may 
even prefer the role of his own sex, 
although identified with the opposite- 
sex role. One would expect such a 
person, being identified with the oppo- 
Site sex, to have many unconscious re- 
actions characteristic of the opposite- 
sex role despite his adopting much of 
the behavior characteristic of the same- 
sex role. On the other hand, the 
woman who, on appropriate occasions, 
adopts aspects characteristic of the op- 
posite-sex role, such as wearing trousers 
or wearing short hair, is certainly not 
necessarily identified with the male role. 
Thus, sex-role adoption refers to overt 
behavior characteristic of a given sex, 
and sex-role identification refers to a 
more basic process characteristic of a 
Siven sex. Sex-role identification is 


much more difficult to measure than 
sex-role preference or adoption. At- 
tempts have been made to measure 
what is here referred to as sex-role 
identification through projective tech- 
niques, such as human figure drawings 
(Brown & Tolor, 1957; Jolles, 1952; 
Morris, 1955; Tiller, 1958; Tolor, 
1955; Weider & Noller: 1950, 1953), 
and through measuring the similarity 
between responses of parents and their 
children (Gray & Klaus, 1956; Lazo- 
wick, 1955). 

It is probably true that most indi- 
viduals may be said to prefer, adopt, 
and identify with their own sex role. 
Most psychologists associate psycho- 
logical disturbances with a lack of har- 
mony among aspects of an individual’s 
sex role. With the present conceptual 
scheme a variety of combinations are 
theoretically possible, e.g., a person 
might identify with and adopt the pat- 
tern of his own sex, but still prefer the 
opposite-sex role. On the other hand, 
a person might identify with the oppo- 
site-sex role, adopt the behavior of his 
own sex, and also consciously prefer 
the same-sex role, etc. These sex-role 
definitions should become better clari- 
fied in the body of the paper. 


THEORETICAL FORMULATION 


Before stating specific hypotheses let 
us briefly formulate the position taken 
in this paper concerning the develop- 
ment of masculine and feminine iden- 
tification. “The developmental proc- 
esses, as presented here, are not con- 
sidered inevitable nor universal. If 
these processes are appropriately de- 
scribed for the U. S. culture of today, 
they may not fit a significantly altered 
U. S. culture of the future. Moreover, 
if these processes are appropriately de- 
scribed for the U. S. culture, they may, 
nevertheless, be inappropriate to many 
other cultures. Cross-cultural studies 
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should help verify and amplify the hy- 
potheses presented in this paper. 
First, it is assumed that the process 
of identification follows the laws of 
learning. Next, it is postulated that, 
for both male and female infants, learn- 
ing to identify with the mother (or the 
person playing the mother-role) is 
among the earliest learning experi- 
ences. In this formulation, it is con- 
sidered one of the major sex differences 
in the development of identification that 
the boy must shift from his initial iden- 
tification with the mother to identifica- 
tion with the masculine role, whereas 
the girl need make no such shift. 
The shift from mother to masculine 
identification is begun when the boy 
discovers that he somehow does not 
belong in the same sex-category as the 
mother, but rather as the father; that 
he is no longer almost completely in a 
woman’s world characterized by the 
maternal care received during infancy, 
but is now increasingly in a man’s 
world. It is true that in early child- 
hood, as well as in infancy, the child’s 
life is mainly peopled with women 
rather than men, but the ideology of 
our culture in general, and the demands 
made on the little boy in particular, 
are masculine in nature. Despite the 
shortage of male models, a somewhat 
stereotyped and conventional mascu- 
line role is nonetheless rather clearly 
spelled out for him. A study by Sher- 
riffs and Jarrett (1953) indicated that 
men and women share the same stereo- 
types about the two sexes. They found 
that “. .. virtually no behavior or 
quality escapes inclusion in either a 
male or female ‘stereotype,’ and that 
these stereotypes are substantially the 
same whether held by men or women” 
(Sherriffs & Jarrett, 1953, p. 161). 
If the boy behaves like a “little man,” 
say by not crying when hurt, this 
“brave” behavior is reinforced. Per- 
haps he is rewarded by being called 
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“Mommy’s nice little man.” If, on 
the other hand, he does not behave in 
a masculine-stereotyped fashion, say 
he cries when hurt, this behavior may 
be negatively reinforced, e.g., by being 
called a sissy. If he behaves in a 
feminine-stereotyped fashion, say by 
playing with dolls beyond a certain 
age, he may be similarly ridiculed. 
Moreover, he is rewarded simply for 
having been born masculine through 
countless privileges accorded males but 
not females. The boy learns to prefer 
the masculine role to the feminine one, 
to adopt the masculine role, and, in 
time, to: identify with it. Sex-role 
identification, being a more deeply 
rooted process than either sex-role 
preference or sex-role adoption, is con- 
sequently more slowly changed. How- 
ever, through the reinforcement of the 
culture’s highly developed system of 
rewards and punishment, the boy's 
early learned identification with the 
mother eventually weakens and be- 
comes more or less replaced by the 
later learned identification with a cul- 
turally defined, somewhat stereotyped 
masculine role. 

The development of the appropriate 


sex-role identification for the girl is 


considered, in many ways, the converse 
of that for the boy. When the girl 
leaves infancy she goes from a woman's 
world of mother care to a man’s world. 
Being feminine, she thus moves from a 
same-sex- to an opposite-sex-oriented 
world, whereas the boy, conversely, 
moves from an opposite-sex- to a 
same-sex-oriented world, Unlike the 
situation for the boy, whose sex role 
is well spelled out for him, the girl, 
upon leaving infancy, does not receive 
adequate reinforcement through dis- 
tinct rewards for adopting the feminine 
role, and definite punishment for adopt- 
ing the masculine one. On the con- 
trary, she is, in a sense, punished sim- 
ply for being born female, whereas the 
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boy is rewarded simply for being born 
male. Findings in Patterns of Child 
Rearing, by Sears et al. (1957), sup- 
port the suggestion that the girl is, in 
a way, punished for being female. The 
girls were found to be treated less per- 
missively than boys and more conform- 
ity was demanded of them. Hubert 
and Britton (1957) also found mothers 
of boys to be less strict with them, ex- 
pect less understanding of rules, and 
to allow more activity. The girl 
quickly learns to prefer the masculine 
role since our culture, despite definite 
changes, is still masculine-centered and 
masculine-oriented, and offers the male 
many privileges and much prestige not 
accorded the female. As Brown 
pointed out, 


The superior position and privileged status 
of the male permeates nearly every aspect, 
minor and major, of our social life. The 
gadgets and prizes in boxes of breakfast 
cereal, for example, commonly have a strong 
masculine rather than feminine appeal. And 
the most basic social institutions perpetuate 
this pattern of masculine aggrandizement. 
Thus, the Judeo-Christian faiths involve wor- 
shiping God, a “Father,” rather than a 
Mother,” and Christ, a “Son,” rather than 
a “Daughter” (Brown, 1958, p. 235). 


Smith (1939) found results to sug- 
gest that children, as they grow older, 
increasingly learn to give males pres- 
tige. Smith asked children from eight 
to 15 to vote on whether boys or girls 
had desirable and undesirable traits. 
He found: (a) with increase in age, 
boys have a progressively poorer rela- 
tive opinion of girls, and girls have a 
Progressively better relative opinion of 

oys; (b) with increase in age, boys 
ave a progressively better opinion of 
themselves, and girls have a progres- 
Sively poorer opinion of themselves. 
Kitay (1940) found that women share 
with men the prejudices prevailing in 
Cur culture against their own sex. 

Not only does the girl learn to prefer 
the masculine role because of its many 
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advantages, but she, unlike the boy, is 
not given the degree of negative rein- 
forcement for adopting certain aspects 
of the opposite-sex role, Although re- 
stricted in many ways more than boys, 
girls are nevertheless allowed more 
freedom than boys in opposite-sex role 
adoption. For a girl to be a tomboy 
does not involve the censure that re- 
sults when a boy is a sissy. Girls may 
wear masculine clothing (shirts, trou- 
sers), but boys may not wear feminine 
clothing (skirts, dresses). Girls may 
play with toys typically associated with 
boys (cars, trucks, erector sets, guns), 
but boys are discouraged from playing 
with feminine toys (dolls, tea sets). 

Data from two national sample inter- 
view studies of adolescents, reported by 
Douvan (1957a, 1957b), suggest that 
the role for the adolescent girl is very 
poorly defined by the culture. Since 
she is typically not yet married, the 
adolescent girl cannot play her primary 
role of wife and mother. Furthermore, 
the culture discourages her from taking 
action to realize this primary role. 
The female is not supposed to take 
the major initiative in choosing a mate. 
She must, to a large extent, be chosen 
as a mate rather than actively choos- 
ing. Moreover, because her primary 
goal is marriage and family, the girl’s 
vocational plans do not imply the same 
career commitment that the boy’s voca- 
tional plans imply for him. Douvan 
concludes that “girls . . . can do little 
about the central aspect of feminine 
identity before marriage” (1957b, p. 
190). 

The girl, however, has the same-sex 
parental model for identification (the 
mother) with her more than the boy 
has the same-sex parental model (the 
father) with him. Both boys and girls 
usually spend more time with their 
mothers than with their fathers. They 
see the mother engaging in many activi- 
ties, and under many circumstances in 
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which they do not see the father. 
There is much incidental learning 
which takes places from such contact 
with the mother. Although both boys 
and girls doubtless learn a great deal 
in this incidental fashion, it is only the 
girls, not the boys, who can, later on 
at the appropriate time, apply such 
latent learning in a direct fashion in 
their lives. The boys, being separated 
more from their fathers than girls from 
their mothers, tend to identify with the 
stereotype of the masculine role which 
the culture in general, not simply the 
father in particular, spells out for them. 
The girl, on the other hand, tends to 
identify with aspects of her own moth- 
er’s role specifically. 

However, the girl is still affected by 
many cultural pressures despite the 
fact that she need not shift identifica- 
tion, and despite the physical presence 
of the mother during her development. 
In this formulation it is predicted that 
the prestige and privileges afforded 
males but not females, and the lack 
of punishment for adopting aspects of 
the masculine role, have a slow, corro- 
sive, weakening effect on the girl’s 
feminine identification. Conversely, 
the prestige and privileges accorded 
the male, the rewards offered for adopt- 
ing the masculine role, and the punish- 
ment for not doing so, are predicted to 
have a strengthing effect on the boy’s 
masculine identification. 


HYPOTHESES 


The following hypotheses emerge 
from this formulation : 

1. The young boy’s same-sex identi- 
fication is at first not very firm because 
of the shift from mother to masculine 
identification. On the other hand, the 
young girl, because she need make no 
such shift in identification, is relatively 
firm in her initial feminine identifica- 
tion. However, the culture reinforces 
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the boy in developing masculine iden- 
tification much more adequately than it 
does the girl in developing feminine 
identification. Consequently, with in- 
creasing age, males become relatively 
more firmly identified with the maseu- 
line role and females relatively less 
firmly identified with the feminine role. 

2. The culture offers higher prestige 
and more advantages to the male than 
to the female. Consequently, a larger 
proportion of females than males will 
show preference for the role of the 
opposite sex. 

3. Not only is the male role accorded 
more perstige than the female role, but 
boys are more likely to be punished 
than girls for adopting aspects of the 
opposite-sex role. Therefore, a higher 
proportion of females than males adopt 
aspects of the role of the opposite sex. 

4. The girl has the same-sex parent 
(the mother) with her more than the 


boy has the same-sex parent (the- 


father) with him as a model for iden- 
tification. However, a stereotyped sort 
of masculine role is spelled out rather 
clearly for the boys by the culture. 
Consequently, males tend to identify 
with a cultural stereotype of the mas- 
culine role, whereas females tend to 
identify with aspects of their own 
mothers’ role specifically. 


TEST or HYPOTHESES 


Let us now see how consistently 
these hypotheses fit previous findings 
and whether this formulation helps 
clarify seeming contradictions. 

If Hypothesis 1 is valid, that with 
increasing age, boys become relatively 
more firmly identified with the mascu- 
line role and girls relatively less firmly 
identified with the feminine role, and 
assuming that figure drawings consti- 
tute an adequate measure of identifica- 
tion, then this hypothesized trend 
should be reflected in the sex of the 
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figure drawn first. The data do seem, 
in fact, to support this hypothesis. 
Brown and Tolor (1957) reviewed a 
number of studies on human figure 
drawings. The studies on figure draw- 
ings with children (Jolles, 1952; Mor- 
ris, 1955; Tolor & Tolor, 1955; Weider 
& Noller: 1950, 1953) show that, with 
younger children, a higher proportion 
of girls than boys drew the same-sex 
figure first, and with older children this 
trend is reversed, and a larger propor- 
tion of boys than girls drew the same- 
sex figure first. A study by Jolles 
(1952), using a wide age range, might 
be specifically cited in this regard. 
Jolles found that with children between 
five and 12, a significantly higher pro- 
portion of younger boys drew the op- 
posite-sex figure first than did older 
boys. A significantly higher propor- 
tion of 11- and 12-year-old girls drew 
the opposite-sex figure first than did 
boys of the same age, 

Lynn and Sawrey,? in an unpub- 
lished study in which eight- and nine- 
year-old Norwegian children were 
asked to draw a family (in contrast to 
drawing a person), found that a higher 
Proportion of girls than boys drew the 
Same-sex parent figure first, largest, 
and in most detail. 

Despite the fact that with younger 
children a higher proportion of girls 
than boys drew the same-sex figure 
first, studies with adults consistently 
show a higher proportion of men than 
women drawing the same-sex figure 
first, Brown and Tolor (1957) com- 
bined findings from several studies of 
figure drawings with college Ss and 
found that 91% of the men drew the 
male figure first while only 67% of the 
women drew the female figure first. 

_ Thus, the findings on figure draw- 
ngs support the hypothesis that with 


„2 Lynn, D. B., and Sawrey, W. L. Sex 
differences in the personality development of 
orwegian children. 


increasing age males become more 
firmly same-sex identified and females 
relatively less firmly same-sex identi- 
fied. However, Brown and Tolor 
(1957) found evidence leading them 
to suggest that human figure drawings 
may be an inadequate test of identi- 
fication, Confidence in the validity of 
this hypothesis must await substantia- 
tion through further research findings. 

In this formulation it is considered 
one thing to show a sex-role prefer- 
ence, and quite another to form a sex- 
role identification, Hypothesis 2 pre- 
dicts that, because of higher prestige 
and greater privileges accorded the 
masculine role, a higher proportion of 
females than males will show opposite- 
sex-role preference, In this connection 
Rabban (1950) asked 300 children be- 
tween 30 months and eight years of 
age to choose the toys they liked best 
from a number of toys. Some of the 
toys were judged to be typically asso- 
ciated with boys and others with girls. 
All of the Ss were also asked to pick a 
doll which resembled them most and 
to indicate the sex of the doll. In 
addition, they were asked whether they 
would like to be a “mama” or “daddy” 
when they grow up. The results 


.showed no significant differences be- 


tween three-year-old children, but 
otherwise boys showed significantly 
more masculine preferences than girls 
feminine preferences. 

Brown (1957) administered the It 
Scale for Children to 303 boys and 
310 girls between the ages of approxi- 
mately 54 and 114. The It scale is 
composed of pictures of various objects 
and figures typical of and associated 
with the role of one sex in contrast to 
the other. A card with a child-figure 
drawing on it, referred to as “It,” is 
used by having each § make choices 
for It. Brown found that boys showed 
a much stronger preference for the 
masculine role than girls for the fem- 
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inine role, particularly in all grades 
below the fifth. He found that girls 
at the kindergarten level showed a 
preference pattern characterized by 
relatively equal preference for mascu- 
line and feminine elements, and girls 
from the first grade through the fourth 
grade showed a stronger preference for 
the masculine role than for the feminine 
role. In contrast to girls in all earlier 
grade levels, girls in the fifth grade 
showed a predominant preference for 
the feminine role. 

The Lynn Structured Doll Play Test 
(Lynn: 1955, 1957a, 1957b; Lynn & 
Lynn, in press; Lynn & Sawrey, in 
press; Tiller, 1958) was used in the 
study of 80 eight- and nine-year-old 
Norwegian children mentioned above 
in connection with an unpublished 
study by Lynn and Sawrey. The 
Structured Doll Play Test (SDP) is 
a projective test in which the S is pre- 
sented with dolls representing family 
and peer group figures in a series of 
typical family and peer group situa- 
tions. The S resolves these situations 
through doll play. One of the SDP 
situations required the © to choose 
either the boy or girl doll as the one 
for the ego-doll to play with. The 
results showed a significantly higher 
proportion of girls choosing the boy 
doll (the opposite-sex child doll) than 
the girl doll (the same-sex child doll). 
Thus, despite the fact that these same 
Norwegian girls had drawn the same- 
sex parent figure first, largest, and in 
most detail, they nevertheless showed 
a preference for the opposite-sex child 
doll. 

These results are consistent with 
studies of sex-role preference in adults 
in which men and women were asked 
whether they had ever wished to belong 
to the opposite sex. These studies 
show that below 5% of adult males as 
contrasted to as high as 31% of adult 
females recall consciously having been 
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aware of the desire to be of the opposite 
sex (Fortune survey, 1946; Gallup, 
1955; Terman, 1938). 

Thus, the research findings in gen- 
eral support the hypothesis that more 
females prefer the masculine sex role 
than males the feminine role. 

Hypothesis 3 predicts that more fe- 
males not only prefer, but also adopt 
the masculine role than males do the 
feminine role. Emmerich (in press) 
used a structured doll play interview 
with 31 Ss between 34 and 5 years of 
age. Emmerich measured the degree 
of similarity between the S’s concep- 
tion of his parent’s nurturance-control 
attitude and the S’s own nurturance- 
control attitude. The S’s parent’s nur- 
turance-control attitude was indicated 
by the doll play fantasy of the parent 
doll’s actions toward a child doll. The 
S’s own nurturance-control attitude 
was indicated by the fantasy of the 
child doll’s actions toward a baby doll. 
The degree of similarity between the 
parent’s and S’s attitude was the dif- 
ference between the parent doll’s and 
the child dols nurturance-control 
scores. In the present conceptual 
framework this is considered a measure 
of fantasied sex-role adoption. Em- 
merich found that only the boys but 
not the girls showed a significant tend- 
ency to select the same-sex parent as 
a model more than the opposite-sex 
parent. Thus, the boys adopted (in 
fantasy) the father role more closely 
than they did the mother role. In this 
way the hypothesis tended to be sup- 
ported, at least for young children. 

As was pointed out above, the 
mother is typically with the children 
more than the father is, thus making 
herself available as a model for identi- 
fication more frequently than the 
father. Largely for this reason, Hy- 
pothesis 4 predicts that males tend t0 
identify with a cultural stereotype of 
the masculine role whereas females 
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tend to identify with aspects of their 
own mothers’ role specifically. Gray 
and Klaus (1956) did a study relevant 
to this hypothesis, using responses to 
a sentence completion test and to the 
Allport-Vernon-Lindzey Study of Val- 
ues filled out by 34 female and 28 male 
college students, their parents, and by 
the students as they believed their 
mothers and fathers would respond. 
They found much more similarity be- 
tween the women and their mothers 
than between the men and their fathers, 
both as tested and as perceived. 

Hypothesis 4 was also supported in 
a study by Lazowick (1955). The Ss 
in this study were 30 college students. 
These S's and their mothers and fathers 
were required to rate concepts, e.g., 
“myself,” “father,” “mother,” etc. The 
degree of similarity between “mean- 
ings” of each concept as rated by Ss 
and their parents was then determined. 
It was found that the similarity be- 
tween fathers and their own children 
was not significantly greater than be- 
tween fathers and children randomly 
matched. On the other hand, the simi- 
larity between mothers and their 
own children was greater than be- 
tween mothers and children randomly 
matched. 

Thus, despite the fact that data on 
figure drawings suggest that more men 
are same-sex identified than women, 
these results suggest that women are 
more closely identified with aspects of 
the role of their own same-sex parent 
(mother) specifically than men are 
with their own same-sex parent 
(father). 

What are some of the ways this theo- 
retical formulation may clarify seem- 
ingly contradictory or confusing find- 
ings? This paper reviewed studies 
Showing that a higher proportion of 
girls than boys chose objects and pic- 
tures of objects characteristically con- 
Sidered masculine (Brown: 1956, 


133 


1957; Rabban, 1950); and yet, in the 
study by Lynn and Sawrey, a higher 
proportion of eight-year-old girls than 
boys drew the same-sex parent figure 
first, largest, and in most detail, These 
findings are very confusing if the term 
“identification” is used in connection 
with both the operations “sex-role ob- 
ject choice” and “parent drawings.” 
The differentiation suggested by Brown 
(1956), and also used in this formula- 
tion, between sex-role preference and 
sex-role identification may eliminate 
the contradiction in these results. The 
studies of choice of masculine and fem- 
inine objects are considered, in this 
formulation, studies of sex-role prefer- 
ence; whereas the studies of figure 
drawings are considered studies of sex- 
role identification. 

The results in which a higher pro- 
portion of adult males than females 
drew the same-sex figure first are in 
seeming contradiction with data re- 
viewed showing a closer similarity be- 
tween responses of women and their 
mothers’ responses, than of men and 
their fathers’ responses (Gray & Klaus, 
1956). The contradiction is removed 
by the hypothesis that the male identi- 


fies with a stereotype of the masculine 


role, and the female with her mother’s 
role specifically. 

The data showing that females re- 
sponded with more similarity to their 
own mothers’ responses than males to 
their fathers’ responses (Gray & Klaus, 
1956) may also seem to contradict the 
data in the study by Emmerich (in 
press) in which young boys, but not 
girls, showed a significant tendency to 
select the same-sex parent as a model 
more than the opposite-sex parent. 
There is, however, a great deal of 
difference between the operations in- 
volved in these two studies, viz. in the 
S’s fantasy of the father doll’s actions 
(Emmerich, in press), and the actual 
responses of real fathers to the mate- 
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rials used in the study by Gray and 
Klaus (1956). In the framework of 
the present formulation the boys in the 
doll play study adopted, in fantasy, the 
father role significantly more closely 
than they did the mother role; whereas 
in the study by Gray and Klaus the 
adult males did not identify as closely 
with their own fathers’ role as the 
women with their own mothers’ role. 


SUMMARY 


The purpose of this note is to con- 
tribute to the theoretical formulation of 
sex differences in the development of 
masculine and feminine identification, 
and review research findings relevant 
to this formulation. 

There was a differentiation made 
among the concepts of sex-role prefer- 
ence, sex-role adoption, and sex-role 
identification. 

The process of identification was as- 
sumed to follow the laws of learning. 
Both male and female infants were 
hypothesized to learn to identify with 
the mother. Boys, but not girls, must 
shift from this initial identification with 
the mother to masculine identification. 
Despite the fact that the girl need not 
shift her identification, and despite the 
physical presence of the mother during 
her development, the girl is still af- 
fected by many cultural pressures. 
The prestige and privileges offered 
males but not females, and the lack of 
punishment for adopting aspects of the 
masculine role, are predicted to have a 
slow, corrosive, weakening effect on 
the girl’s feminine identification. Con- 
versely, the prestige and privileges ac- 
corded the male, the culture’s syste- 
matic rewards for adopting the mascu- 
line role, and punishment for not doing 
so, strengthen the boy’s masculine 
identification. 

The following hypotheses emerged: 

1. With increasing age, males be- 
come relatively more firmly identified 
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with the masculine role, and females 
relatively less firmly identified with 
the feminine role. 

2. A larger proportion of females 
than males will show preference for 
the role of the opposite sex. 

3. A higher proportion of females 
than males adopt aspects of the role 
of the opposite sex. 

4. Males tend to identify with a 
cultural stereotype of the masculine 
role, whereas females tend to identify 
with aspects of their own mothers’ 
role specifically. 

These hypotheses were generally 
supported by the research findings 
which were reviewed. This formula- 
tion may help clarify previously confus- 
ing and seemingly contradictory data. 
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Noble (1952) has presented a Hul- 
lian analysis of meaning and meaning- 
fulness in which meaning is identified 
as H, the relationship between the 
stimulus word and the response word. 
Meaningfulness is determined by the 
number of different Hs, i.e., a stimulus 
word is meaningful to the extent that 
it elicits many response words. In 
this study, Noble arrived at an index 
of meaning by measuring the number 
of word associations made to a given 
stimulus word in a given period of 
time. Noble concluded: 

Thus, if one were to ask a layman what he 
intended by saying that “home” to him 
means: “family, spouse, children, friends, 
love,” etc, he would doubtless reply, “I 
think of these things when ‘home’ is men- 
tioned.” ... A learning theorist would ex- 
plain that to the auditory (or visual) S$ 


home, these various verbal Rs have become. 


conditioned . . . and under appropriate con- 
ditions . . . are elicited. The meaning of S 
subsists in the Hs developed to it—nothing 
more (Noble, 1952, p. 429). 

Bousfield, Cohen, and Whitmarsh 
(1958) have recently presented a view 
of meaning which is consonant with 
Noble’s view. They state that percep- 
tion of a meaningful word involves the 
elicitation of two types of implicit re- 
sponse. First, the person ‘says the 
word subvocally. This is called a 
verbal representational response, R, 
In addition, however, the subject re- 
acts by making another group of 
implicit verbal associative responses. 

1 This article arose from a research project 
on verbal behavior sponsored by the Office of 
Naval Research under Contract No. Nonr- 
2305 (00) with Arizona State University. 
The authors wish to thank Arthur Jerome 


Davich for help in collecting and tabulating 
the data. 


For example, to the word BLACK, 
the subject might respond WHITE, 
DARK, CAT, etc. 


These responses may be said to comprise the 
associative response composite, Rea comp, 
Under appropriate conditions the subject may 
produce the Rer and the Rwa comp explicitly 
by saying or writing them. Though a defini- 
tion of meaning is perhaps gratuitous in this 
discussion, we believe it is useful to identify 
meaning with the Rya comp. This definition 
appears to be consistent with the Hullian 
interpretation presented by Noble (Bousfield, 
Cohen, & Whitmarsh, 1958, p. 1). 


This approach contrasts with an- 
other concept of word meaning which 
has been developed by other psycholo- 
gists, e.g., Cofer and Foley (1942), 
Mowrer (1954), and Osgood (1953). 
This interpretation, also based on Hul- 
lian concepts, states that when a word 
is contiguously presented with a stimu- 
lus object, part of the response elicited 
by the object may be stably conditioned 
to the word. This conditioned re- 
sponse becomes the meaning of the 
word. Osgood has indicated in detail 
that certain components of the total 
response elicited by a stimulus object 
are more readily conditionable (less 
interfering, less effortful, etc.) and 
hence are more likely to contribute to 
the final form of the representational 
mediation process (i.e, meaning fe 
sponse). 

The conditioning of a meaning re- 
sponse can also take place through 
higher-order conditioning, in which 
case the US, the stimulus object, 15 
replaced by a word which through prior 
conditioning already elicits a meaning 
response. Both of these processes arè 
schematized in Fig. 1. In the uppe 
part of the figure the word BAD #8 
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paired with a punishing stimulus. The 
punishment elicits a number of re- 
sponses which may be called “un- 
pleasant,” or of “negative value.” 
After BAD has been paired with pun- 
ishment a number of times, the condi- 
tionable responses (called “detachable” 
by Osgood) elicited by the punishment 
are conditioned to BAD. These re- 
sponses come to constitute the stable 
meaning of BAD. 

Assuming that the conditioning has 
been sufficiently strong, contiguous 
presentation of BAD and another word 
which has no meaning would result in 
higher-order conditioning. That is, 
the meaning response elicited by BAD 
would be conditioned to some extent to 
the new CS-word. In an actual life 
situation, a child might be told “Evil 
means bad.” The negative meaning 
elicited by BAD would be conditioned 
to EVIL. This is depicted in Part b 
of Fig. 1. 

Recently Osgood, Suci, and Tannen- 
baum (1957) have taken issue with 
Noble’s approach to meaning. They 
would accept m as a measure of the 
association value of a stimulus word, 
but vehemently reject the interpreta- 
tion that the associations may be 
thought of as word meaning. They 
State that a basic distinction exists be- 
tween the meaning of a sign and its 
associations. They continue as follows : 
This point needs to be labored because one 
Tecent writer (Noble, 1952), at least, has 
Seriously proposed that the meaning of a 
Sign is nothing more than the number of 
different associations between it as a stimulus 
and other signs as responses. According to 
Noble, “The index of meaning (m) of a 
Particular stimulus was defined . . . as the 
grand mean number of (acceptable) written 


responses given by all Ss within a 60 sec. 
Period.” |. | It is his basic notion—that 


meaning and association can be equated—. 


Which is wrong. Does BLACK mean white 
poe this is the most common associate? 
b oes NEEDLE mean sew, BREAD mean 
utter, MAN mean woman? Noble’s m 


might be identified as meaningfulness rather 


X 


a. CS US R 
BAD =.= es ee 


xy 
a R 
physical 


punishment 


BA D———— 


b. Sentence: “Evil means bad.” 
cs US R 


EVIL === F comer yy 
BAD: 


EV assy 


Fic. 1. Diagram a depicts first-order con- 
ditioning of word meaning. After a number 
of pairings of BAD, the CS, with punish- 
ment, the US, BAD comes to elicit the con- 
ditionable (i.e., “detachable”) components of 
the responses elicited by the punishment 
(symbolized as ryy because of the negative 
value). The components of the total re- 
sponse which are not stably conditioned are 
symbolized as R. Diagram b depicts second- 
order conditioning of meaning. The negative 


value meaning responses now elicited by | 


BAD are conditioned to EVIL through con- 
tiguous presentation of the two words, in the 
ssentence. Although not schematized, it is 
understood that rxy, as a mediating response, 
may through the stimuli it produces elicit 
other overt or implicit responses. 


than meaning, or better, simply the associa- 
tion value of the stimulus, since this is actu- 
ally what he is measuring (Osgood, Suci, & 
Tannenbaum, 1957, pp. 16-17). 

Thus, a rather sharp clash of inter- 
pretations is enjoined. 


RELATIONSHIP BETWEEN THE Two 
MEASURES OF MEANING 


Osgood et al. insist that meaning of 


a word is not the same as the word’s 
verbal associates, i.e., the meaning of 
a word involves a psychological process 
which is separate from word associa- 
tion processes. However, two recently 
reported experimental results have 
shown a relationship between m and 
semantic measures. In the first study, 
reported by Jenkins and Russell 
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(1956), intensity of meaning, as meas- 
ured by Osgood’s semantic differential, 
was correlated with Noble’s m. In- 
tensity of meaning was measured by 
the extent to which the rating of a 
word deviated from neutral (4) on a 
seven-point semantic differential scale. 


It was hypothesized here that meaningful 
words would elicit many extreme ratings on 
the semantic differential and meaningless 
words would tend to elicit few such ratings. 
Accordingly the semantic differential profiles 
for Noble’s concepts were analyzed in terms 
of their deviations from the neutral scale 
positions (that is to say, Ds were calculated 
for each profile against a hypothetical profile 
running through the middle of each scale): 
The hypothesis was in general well substan- 
tiated. The correlation between the size of 
D and Noble’s “m” was +.71. This repre- 
sents the first connecting link between what 
seemed at the outset to be two entirely dif- 
ferent ways of talking about psychological 
meaning (Jenkins & Russell, 1956, p. 7). 


Tn addition, Noble (1958) has re- 
cently presented evidence which sup- 
ports this result. In his experiment, m 
was Correlated with what may be called 
a measure of intensity of evaluative 


Meaning, one of the main factors of + 


meaning found by Osgood and Suci 
(1955). Instead of using a semantic 
differential scale, Noble had the Ss 
rate each word neutral, pleasant, un- 
pleasant, or mixed. A semantic dif- 
ferential scale of pleasant-unpleasant 
would allow 7 gradations of evaluative 
meaning, and has no “mixed” category. 
Nevertheless, Noble’s procedure seems 
to measure evaluative meaning, and the 
results should be roughly comparable 
to scoring words on a_pleasant-un- 
pleasant semantic differential scale. 
Noble found in his study that this 
type of evaluative rating (which he 
calls a measure of emotionality) was 
correlated with m .57 (p = .001 level 


of significance). Thus, in this study - 


and the ‘study of Jenkins and Russell, 
larger m measures were associated 
with more intense meaning. 
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The question arises, especially in 
view of the rejection by Osgood et al. 
of the relevance of Noble’s approach 
to'a conception of meaning, of how to 
account for the relationship of Noble's 
measure of meaning and Osgood'’s se- 
mantic measures. As Jenkins and Rus- 
sell imply, the two studies indicate a 
relationship which demands explana- 
tion—if meaning and word associa- 
tions are to be separately considered. 
The present paper, in distinguishing 
meaning and wm, must explain the re- 
lationship between the two. This ex- 
planation will also indicate why a 
word’s meaning may be confused with 
the word’s direct verbal associations. 


BASIS OF THE RELATIONSHIP 
BETWEEN m AND MEANING 


In the conditioning of word meaning 
it seems likely that both primary and 
higher-order conditioning are impor- 
tant, i.e a word gets its meaning 
through both of the processes repre- 
sented in Fig. 1. To some extent 
word meaning is obtained, and main- 
tained, by contiguous presentation with 
certain primary stimulus objects. In 
addition, it is suggested that word 
meaning is conditioned through con- 
tiguous presentations with other words. 
It is this latter occurrence which ac- 
counts for the correlation between in- 
tensity of meaning and m and which, 
it is thought, results in confusing the 
two independent psychological proc 
esses. A stimulus word gets its mean- 
ing, in part, because each time it 15 
paired with another word the meaning 
of the response word is conditioned t0 
the stimulus word. This also strength 
ens the associations between stimulus 
word and response words. For exam 
ple, if a nonsense syllable was paire 
with the word “bad” a number of times 
direct associations between the syllable 
and “bad” would be formed. In addi- 
tion, the meaning response elicited by 
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“bad” would be conditioned to the syl- 
lable. Because of this parallelism in 
development it is easy to consider di- 
rect associations, which underlie m, 
and meaning as the same thing. Thus, 
although » and meaning are not the 
same, the more often a word is paired 
with its common associates, the stronger 
become the direct word-word associates 
and the word*meaning associates, i.e., 
the same operation strengthens both 
types of associations. 

The stronger the direct, associations, 
the less the latency of response when 
the stimulus word is presented. Thus, 
in a given period of time, stronger as- 
sociations will result in the occurrence 
of more response words, i.e., the m 
measure will be high when word asso- 
ciates are elicited. In addition, strong 
word-meaning associations will result 
in semantic differential ratings which 
are extreme. 

However, if a stimulus word obtains 
its meaning in part from its word asso- 
ciates, the meaning of a stimulus word 
must be directly related to the meaning 
of its response words. Thus, a positive 
correlation between the meaning of 
stimulus words and the meaning of 
their word associates would support the 
Preceding interpretation. To verify 
the point, the following demonstration 
Was conducted. 


SIMILARITY OF THE MEANING OF 
Stimutus-Worps AND THE 
MEANING OF THEIR 
Worp-AssociaTES 


Forty-six students in introductory 
Sociology participated in the experi- 
ment, 

In the experiment words were re- 
‘tired on which semantic differential 
information was available, as well as 
information concerning the associates 
ot the words. Jenkins, Russell, and 
Suci (1957) have provided data on the 
Semantic profiles of 360 words, using 
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different semantic differential scales for 
the semantic measures. Russell and 
Jenkins (1954) have also provided 
word association data on 100 words. 
Some words appear in both of these 
studies. For the present study 10 
words were chosen on which both 
data were available from these sources. 
The criteria for choosing the ten words 
were: (a) that the words be distrib- 
uted along the “good-bad” evaluative 
scale, including words which had ex- 
treme positive evaluative meaning 
(mean rating toward 1) and words 
which had extreme negative evaluative 
meaning (mean rating toward 7), as 
well as words which were in between 
the extremes; (b) that word associa- 
tion data be available for the ten words 
selected. The words chosen are as 
follows: MUSIC, SWEET, TA- 
BLE, MOUNTAIN, DEEP, HARD, 
ROUGH, ANGER, TROUBLE, 
SICKNESS. 

A folder was prepared which in- 
cluded these ten words and 40 addi- 
tional words of unsystematic meaning, 
all arranged in random order. Under. 
each word was a semantic differential 
scale of good-bad. An example is 
given below. 

MUSIC 


good 


The Ss were instructed in rating the 
meaning of the words. 

Three weeks later the same Ss rated 
the meaning of the first twenty word 
associates of each of the above ten 
words. The twenty word associates 
were obtained from Russell and Jenkins 
(1954). In cases where a word was 
the associate of more than one of the 
“evaluative” words it was only listed 
once. Thus, a folder was used which 
included the 172 resulting words ar- 
ranged in random order. The format 
of this folder was the same as with the 
first rating task; each word was listed 


bad 
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TABLE 1 
Mean Ratos or SrmuLus Worps AND 
Twenty Assoctatep Worps 
— —— SS 
* Word Minnesota gy Sem pobre: pa 
s Masic 1.60 1.56 2.47 
Sweet 1.93 1.98 2.74 
Table 2.57 ah ane 2.75 
Mountain 2.73 | 2.32 2.96 
Deep 3.77) |} aes 3.20 
Hard 4.13 3.91 3.4 
Rough 5.00 4.79 3.11 
Anger 5.57 5.88 4.50 
Trouble 6.10 6.39 4.28 
Sickness 6.30 6.56 3.99 


* Note.—On the scales, 1 was “good” and 
7 “bad.” 


with a “good-bad” scale beneath it. 
The same instructions were used in 
administration. i 

In the analysis of the results the 
mean meaning scores for the original 
ten words were computed. In addition, 
the mean meaning score for the 20 
associates of each of the ten words was 
computed. These means are listed in 
Table 1. The table also includes the 
mean meaning scores (on good-bad) 
on the same ten words obtained by 
Jenkins, Russell, and Suci using Uni- 
versity of Minnesota students. 

A rank order correlation coefficient 
was computed between the mean mean- 
ing score obtained in this study and 
the mean meaning scores obtained by 
Jenkins, Russell, and Suci. The cor- 
relation was .99, 

The extent of the relationship be- 
tween the meaning of the stimulus 
words and the meaning of their word 
associates was also measured by rank 
order correlation of their respective 
mean evaluative meaning scores." The 
rank order correlation coefficient was 
.90, which is significant at better than 
the .01 level. The results support the 
hypothesis that the meaning of the 
associates of a stimulus word tends to 
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be the same as the meaning of the 
word. This gives credence to the hy- 
pothesis that m and intensity of mean- 
ing are correlated because associating 
two words conditions the meaning re 
sponse of one to the other in addition 
to strengthening associations between 
the words. 

The more often the stimulus word is 
paired with its associates, the stronger 
will the direct associations become. At 
the same time, the meaning: ct the asso- 
ciates will be more strony!y condi- 
tioned to the stimulus word i.e., the 
stimulus word will aequite more in- 
tense meaning. (Studies to be dis- 
cussed in the next section will give 
additional support to this interpreta- 
tion.) Other things equal, contiguous 
presentations of words will strengthen 
the associations responsible for high m 
as well as the associations responsible 
for intense semantic differential mean- 
ing. This effect should not necessarily 
depend on the frequency of use of a 
word. It depends on the frequency 
with which a word is paired with a 
group of associates which has a certain 
type of meaning. Words such as “the’ 
no doubt occur extremely frequently 
with few repeats of any particular word 
associate. Because of this, “the” would 
have a great many weak word asso- 
ciates, with many different and prob- 
ably antagonistic meanings. For this 
reason it would be thought that “the 
would not have strong word associates, 
nor would it elicit strong meaning 
responses. 


ADDITIONAL DISTINCTIONS IN THE 
CONCEPTS or MEANING 


The foregoing interpretations and 
empirical results argue that the ver 
associates which words elicit do n 
account for word meaning. The cot 
fusion between these two process 
may have arisen because the same OP” 
eration, paired presentations of wor 


strengthens both types of associations. 
However, if word associations and 


word meaning are really independent 


, it should be possible to find 
j Baden operations for their devel- 
opment. s 
In a recent experiment (A. W. 
Staats & C. K. Staats, 1958b), a GSR 
was conditioned to the word LARGE 
by pairing the word with noxious 
stimulation (shock or loud noise—ad- 
justed to be unpleasant for each $) as 
it was presented in a list of words to 
be learned... After the conditioning the 
Meaning of the word was measured on 
the semantic differcnui il scale of pleas- 
ant-unpleasant. According to the the- 
ory of meaning already discussed, part 
of the “negative” response elicited by 
the noxious stimuli should be condi- 
tioned to LARGE (in the same manner 
as the GSR) and become, in part, the 
Meaning of the word. This “negative” 
_ conditioned meaning response should 
then mediate the negative rating of 
LARGE on the semantic differential. 
prediction was substantiated— 
Negative evaluative meaning was con- 
ditioned to LARGE, without pairing 
it with other words. In addition, there 
Was a significant correlation between 
_ the intensity of the conditioned GSR 
and the intensity of the conditioned 
Negative evaluative meaning response. 
X e is thus a suggestion that the 
conditioned GSR and meaning response 
Were part of the same process. Osgood 
| _ escribes an example of the condition- 
4 mg of negative evaluative meaning 
i Which is analogous to this interpreta- 
- In his example, the word 
SPIDER is paired with the object, a 
Spider, and some of the responses elic- 
ited by the spider, including autonomic 
onses of an aversive nature, are 
conditioned to the sign. He describes 
conditioned autonomic responses as 
€ which “literally confer the un- 
P. t, connotative meaning of threat 
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upon this word” (Osgood, 1953, p. 
696). It may be concluded from the 
above experimental results that mean- 
ing can be conditioned to a word 
through systematically pairing the word 
with a nonverbal aspect of the environ- 
ment, 

It might be suggested, however, that 
nonverbal objects on presentation elicit 
implicit verbal responses in the indi- 
vidual. Assuming this to be the case 
in this experimental procedure, if each 
time shock or sound was presented the 
S said “shock” or “sound,” then word 
associations to LARGE could be 
formed. Then it might be said that 
LARGE had gained negative evalua- 
tive meaning because it later elicited 
the words “shock” and “sound.” 
(This, of course, leaves unanswered 
the question of how “shock” and 
“sound” have acquired negative mean- 
ing.) However, this interpretation 
does not account for the significant 
correlation between the intensity of the 
conditioned GSR and the intensity of 
the conditioned meaning response. In 
addition, it seems questionable whether 
electric shock and an unfamiliar sound, 
especially in the experimental proce- 
dure, would elicit implicit naming 
responses. 

The above experiment was thought 
to illustrate first-order conditioning of 
meaning as depicted in the upper part 
of Fig. 1. In addition, however, sev- 
eral recent studies have shown that 
meaning may be conditioned through 
higher-order conditioning (lower part 
of Fig. 1) independent of strengthen- 
ing word-word associations. In these 
experiments a visually presented verbal 
CS was paired once each with 18 dif- 
ferent auditorily presented words, each 
word having, however, an identical 
component of meaning. For example, 
a nonsense syllable was paired with 18 
words like HAPPY, PRETTY, DIN- 
NER, and SWEET, which all have 
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what may be called a positive evalua- 
tive meaning ; and another syllable was 
paired with words like UGLY, 
THIEF, AGONY, and DISGUST- 
ING, which have negative evaluative 
meaning. In addition, four other syl- 
lables were each paired in the same 
manner with 18 different words of no 
special meaning—yielding a procedure 
involving six nonsense syllables and 
108 different words. Pairing a non- 
sense syllable only once each with 18 
words would yield 18 direct syllable- 
word associations, all of them weak 
and mutually inhibitory. On the other 
hand, the evaluative meaning (either 
positive or negative) elicited by each 
of the US-words should be strongly 
conditioned to the syllable with which 
they were paired. The expected con- 
ditioning occurred, even when S's: who 
were aware of the systematic pairing 
of a certain type of word with a non- 
sense syllable were excluded from the 
analysis. Meaning, as measured by a 
semantic differential scale, was condi- 
tioned to nonsense syllables (Staats, 
Staats, Heard, & Nims, 1959; C. K. 
Staats & A. W. Staats, 1957), national 
and proper names (A. W. Staats & 
C. K. Staats, 1958a), and meaningful 
words (Staats, Staats, & Biggs, 1958). 
In one experiment (C. K. Staats & 
A. W. Staats, 1957) the evaluative, 
potency, and activity factors of mean- 
ing found by Osgood and Suci (1955) 
were conditioned. A further study of 
“language conditioning” has indicated 
that the strength, or intensity, of the 
conditioned meaning increased as did 
the number of trials, i.e., number of 
syllable-meaning pairings (C. K. Staats 
& A. W. Staats, 1958), again with a 
syllable paired only once with any par- 
ticular word. 

Conversely, it should -be possible 
to establish strong direct word-word 
associations without establishing 
strong word-meaning associations. 
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This would be possible by selecting 
US-words (or response-words) which 
elicit antagonistic meaning responses, 
e.g., some US-words which elicit posi- 
tive evaluative meaning and an equal 
number which elicit negative evaluative 
meaning. In this case the CS-word 
(or stimulus word) would be paired 
with each US-word many times. The 
result would be strong direct associa- 
tions between the CS- and US-words, 
but the meaning of the CS-word should 
remain neutral, as measured on a se- 
mantic differential scale. The positive 
conditioning would cancel the negative. 
Similarly, a €S-word could be paired 
many ‘times with words of neutral 
meaning (or with nonsense syllables) 
so that strong direct word-word asso- 
ciations would result. The CS-word 
would then have a high m, but it would 
elicit no meaning response, or the 
meaning response would be neutral as 
measured on a semantic differential’ 

The foregoing illuminates a weak- 
ness of the interpretation that word 
meaning is comprised of the word's 
verbal associates. The conception that 
word meaning consists of word ass0- 
ciates makes no provision for differ- 
entiating words in terms of their rela- 
tionship to different aspects of the en- 
vironment. While it seems reasonable 
to state that a word has meaning be 
cause it has certain verbal associates, 
it is reasonable because the associates 
of the word are meaningful themselves. 
The conception becomes unreasonable 


2 It should be pointed out that words which 
parallel these examples probably exist in olf 
language, i.e., words with strong verbal ass” 
ciates and weak or neutral meaning; and ti 
opposite, words with strong meaning and few 
or weak verbal associates. If words such g 
these were included in a study measuring "% 
relationship of m and intensity of meang 
(such as those of Noble or Jenkins and Ra 
sell), they would tend to reduce the cot? 
lation. Perhaps the less than perfect corte 
lations obtained in the two studies reflect tH 


if the case is considered where the ver- 
bal associates are meaningless words, 
ie. nonsense syllables. To state that 
words gain their meaning by eliciting 
other words leaves all words in the 
status of nonsense syllables which have 
been widely associated with one an- 
other. It is unreasonable that this 
process produces meaningful words. 
No matter how many meaningless asso- 
ciates a nonsense syllable has it will 
remain meaningless. An illustration of 
this can be found by imagining a per- 
son learning a foreign language solely 
by pairing (or defining) the foreign 
words with each other—without ever 
pairing a foreign word with aspects of 
the nonverbal environment, or with 
meaningful words in a familiar lan- 
guage. With sufficient practice the 
person could in this manner learn many 
word associations in the foreign lan- 
guage—but the new language would 
be meaningless. 

A more complete conception of 
meaning than the theory of word asso- 
Ciates must include reference to the 
systematic pairings of verbal stimuli 
and various aspects of the environment, 
and to the properties acquired by the 
verbal stimuli as.a result of this process. 


VERBAL GENERALIZATION AND 
MEANING 


_ Since Bousfield et al. consider mean- 
ing to be the composite of associates of 
a word, they were able to deduce cer- 
tain hypotheses concerning semantic 
Seneralization. A number of studies, 
Summarized elsewhere (Cofer & Foley, 
1942; Osgood, 1953), have shown that 
a response conditioned to a word will 
Seneralize to a word of the same or 
Similar meaning. Bousfield et al. con- 
_ clude that this generalization is medi- 
Ated, at least in part, by the partial 
identity of the word associates of two 
words. They have also provided evi- 
dence demonstrating a relationship be- 
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tween the amount of generalization and 
the degree of identity of word asso- 
ciates. The results of the present 
study, however, indicate that this rela- 
tionship may also reflect another vari- 
able. Since the word associates in the 
composites are themselves meaningful 
words, we may say that they too elicit 
meaning responses. When two re- 
sponse composites are similar, the 
meaning responses elicited by the re- 
sponse composites will be similar to 
one another. Thus, the generalization 
can also be considered to be due to the 
mediation of the common meaning re- 
sponses of the common associates. In- 
cluding this alternative, semantic gen- 
eralization may take place on the basis 
of: (a) similarity of meaning responses 
elicited by two words, (b) similarity 
of the word associates elicited by two 
words, and (c) similarity of the mean- 
ing responses elicited by the word asso- 
ciates of the two words. In any situa- 
tion it may be that each of these factors 
is contributing to the total generaliza- 
tion. 


SUMMARY 


Two approaches to meaning were 
summarized and contrasted. Word 
meaning may be considered to be the 
verbal responses made to the word, or 
word meaning may be a conditioned 
mediating response, part of the response 
elicited by the object denoted by the 
word. The present paper described 
the latter as meaning and distinguished 
word meaning from a word’s verbal 
associates. The correlation between 
intensity of meaning and verbal asso- 
ciate measures which has been reported 
was seen to be a result of the fact that 
the same operation strengthens both: 
the more often a word is paired with 
its word associates, the stronger the 
connections between them. In addi- 
tion, the meaning of the associates is 
conditioned to the word. This view 
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was supported by showing that the 
associates of a word tend to have the 
same meaning as the word. 

The two approaches to meaning 
were discussed further, and it was con- 
cluded that words could not gain mean- 
ing through verbal associations per se. 
Originally, it is through systematically 
pairing words with aspects of the en- 
vironment that their meaning is gained. 
The meaning acquired in this process 
may later be conditioned to -other 
words. 

It was also concluded that semantic 
generalization may be a function of (a) 
similarity of meaning between words, 
(b) similarity of word associates elic- 
ited by words, and (c) similarity of 
meaning responses elicited by word 
associates of words. 
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Contemporary psychological a 
r itself in a vast number of 
cases with the covariation of two vari- 
ables. Whether we are interested in 
_ the relation between hours of depriva- 
tion and speed of running in the rat, 
between the physical properties of a 
Stimulus and its subjective scaling, or 
een rigidity and authoritarianism, 
ihe relationships sought are usually in 
th re riational form. We shall dem- 
rate here that such covariations 


ional specification or restriction. 
classical dichotomies, such as 
& ental” vs. “observational” de- 
kel ‘manipulated” vs. “naturalistic” 
es, fail to specify one -im- 
lant distinction—that between vari- 
associated with individuals or 
cts and variables associated with 
uations or stimuli. 
In general, we may distinguish 
g three types of two-variable 
hips : the classical experimental 
p research on individual differ- 
Or subject sampling, and situa- 
or stimulus sampling. 


This Paper was prepared in connection 
_ with a research project supported by the 

Sapa Fund for Research in Psy- 
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ealth Service. The author would 
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er for valuable criticisms and 
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STIMULUS VARIABLES AND SUBJECT VARIABLES: 
A CAUTION ' 


GEORGE MANDLER 
i University 


In the classical experimental design, 
a sample of organisms, explicitly or 
implicitly said to be representative of 
the population of subjects to which 
we would like to generalize, is exposed 
to an antecedent situation (the in- 
dependent variable) and its consequent 
behavior is measured (the dependent 
variable), No other variables do, or 
should, operate in a systematic fashion 
in this kind of design. We need not 
enter into an argument here about the 


Telative advisability of research with 


single organisms vs. groups of organ- 
isms; the basic argument and logic are 
the same. 

In much of the research o: indi- 
vidual differences or subject sampling, 
we are concerned with a quite different 
problem. A group of subjects, again 
presumably representative of some 
parent population, is used to pre x 
individual measures on two or 
variables. The variables used are 
aimed at a variety of theoretical goals, 
but in general it may be said that they 
measure some genetic or experimental, 
some natural or nurtural characteristic 
of organisms. The general design is 
the same whether subjects are meas- 
ured individually, or whether they are 
divided into groups, e.g. in the study 
of the learning ability of high and of 
low anxious groups. 

Finally, in situational or stimulus 
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sampling the subjects are subjected to 
a variety of different stimulus or en- 
vironmental situations, and the re- 
lationship of two or more variables 
across these different situations is of 
interest? Thus, we may ask whether 
nonsense syllables with high associa- 
tion values also show high familiarity 
indices. In this kind of technique, 
sampling of relevant stimuli is difficult, 
since frequently the parent population 
is not, or even cannot, be specified. 
Psychologists, while frequently con- 
cerned with the taxonomy of individ- 
uals, have shown little interest in a 
taxonomy of situations (cf. Brunswik, 
1956). Cattell (1957) has made theo- 
retical and empirical advances toward 
such a taxonomy which is essential 
for a meaningful interpretation of some 
situational designs. 

The primary concern here will be 
with the last two kinds of designs. The 
argument to be presented is concerned 
with the need to specify the type of 
population, subjects or stimuli, when 
describing two-variable relationships. 
Factor-analytic studies have long been 
concerned with these distinctions, and 
the two designs described are related 
to variations of R technique and P 
technique, respectively (Cattell, 1952). 
Other investigators, however, have 
frequently reported relationships be- 
tween variables, without specifying the 
kinds of instances (subjects or situa- 
tions) for which these relationships 
are presumed to hold. The compo- 
sition of the sample is, of course, 
usually specified. What is often miss- 
ing, however, is the explicit recogni- 
tion that the use of a particular vari- 
able has been restricted to stimuli or 
subjects. We shall see presently that 
these two kinds of covariations may, 
even within the same research design, 

? Similar to this design is the sampling 


of measures across sequential points in 
time (or trials). 
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yield independent and radically dif- 
ferent results. 

A distinction between covariations 
within groups and within the units 
constituting these groups is related to 
our caution, and certainly is not new to 
investigators of social phenomena, 
Thorndike (1939) pointed out that: 


If the correlation between two traits, A 
and B (say, poverty and delinquency) in» 
groups (say, the residents of w districts) 
has a certain value, K, the correlation be 
tween A and B in the individuals or the 
families composing the groups need not be 
K and will not be, save in very special 
circumstances. . . . And it is to be feared 
that many readers with little knowledge of 
correlations often misapply correlations be 
tween features of states, counties, cities, 
wards, classes, etc. to their constituent units. 
(p. 122.) 


In order to illustrate the inadequacy 
of simply describing the relationship 
between two variables without further 
restriction, we shall consider a sche- 
matic example and two research find- 
ings. 
In Table 1 a fictitious matrix of 
research results is presented. It deals i 
with a design in which 5 subjects (S 
to S5) have been tested in 5 differ 
situations (E1 to E5). For simplicity’ 
sake we may assume that the order 
of presentation of the five situations has 
been randomized or counterbal 
so that no serial effects systemati 
influence our data. For each subject 
we obtain two measures (A and B) 
in each situation. By summing rows 
and columns of A and B values, We 
then obtain a mean or median A and 
value for each subject across the situa- 
tions, and a mean or median A and B 
value for each situation across stb 
jects. Our imaginary data have beet 
arranged in such a way that rank ord¢f 
correlations for the variables A and 
yield a rho of + 1.00 for subjects am¢ 
of —1.00 for situations. In © 
words, any description of these finde 
ings which merely talks about a po 
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Or negative relationship between 
ie two variables is meaningless. Mean- 
igtul use of these findings requires 
ecification of the population of in- 
, thus describing a positive re- 
hip for the subject sampling de- 
m, Or a negative relationship for the 
nulus sampling design. 

A Somewhat different problem which 


in Table 1 is the problem of 
n. Neither of the two cor- 
by itself provides the best 
index if we were asked to 
a single subject's value on B, 
his A yalue in a particular situa- 
Our major interest here, how- 
in the different kinds of re- 
p between two “variables” 
may be obtained in different 
The kind of matrix shown 
l is rarely available in typical 
cal research; rather, one or 
Her type of relationship is re- 
What should be quite clear 
nt is that the two relation- 
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Ses from a matrix such as is pre-' 
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TABLE 1 


T AFicrirrovs Marix or VaLves por Two Variantes (A axp B) ox Piva 
`] Sunjecrs (S) ix Five Srruations (E) 


TIE = == 
K | E 
2 a E Gee lee 
ee ee 
4 Be 
3 2 
5 6 
4 3 
6 7 
5 1 
7 8 
6 5 4 6 
8 7 
7 6 7 
6 7 
5 4 3 


ships (across subjects and across situa- 
tions) are not functionally dependent; 
they may, as we have seen, be quite 
different. 

Some characteristics of the kind of 
matrix illustrated in Table 1 may be 
briefly discussed. Each single cell 
(subject-situation interaction) may be 
considered as a separate population of 
values generated by a subject in a 
particular situation. The values shown 
in our matrix are then only a single 
sample from this population. When- 
ever the two variables, A and B, show 
the same characteristics in all such 
cells, then all the correlations obtain- 
able from the matrix will be identical. 
In other words, if the means, variances, 
and covariances of the As and Bs are 
identical in all cells, then both marginal 
correlations as well as the over-all 
correlation index for the matrix will 
be the same. Furthermore, it appears 
that differences in the marginal cor- 
relations depend on different means 
and variances within the cells, rather 
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than on variations among the cor- 
relations within cells.* 

Turning from our fictitious example, 
we can now briefly discuss two recent 
research findings which illustrate the 
importance of our caution. 

In a replication of a recent study on 
verbal behavior (Mandler & Parnes, 
1957), 32 Ss were presented with 20 
stimuli ranging from nonsense syllables 
to Rorschach cards. Each § was in- 
structed to give to each stimulus all 
the single word associations which 
that stimulus evoked. Two measures 
are of interest here: the number of 
associations (F) elicited and the rela- 
tive frequency of idiosyncratic associa- 
tions (1%), i.e., associations given to 
a particular stimulus by one and no 
other subject. In order to describe 
the relationship between frequency (F) 
and idiosyncrasy (1%), two correla- 
tions were obtained: (a) the cor- 
relation between the total number of 
associations given by each § to all 20 
stimuli and the percentage of those 
associations which were idiosyncratic ; 
(b) the correlation between the total 
number of associations elicited by each 
stimulus from all 32 Ss and the per- 
centage of those associations which 
were idiosyncratic. In the former case 
(the subject sampling design), the 
correlation between F and I% is 
+ .440; in the latter case (the stimulus 
sampling design), the correlation is 
— 692. 


In another study, we have been 
concerned . with the relationship þe- 
tween physiological and verbal indices 
of reactions to disturbing material, 
Thirty-two Ss were presented with 18 
phrases from Heath’s Phrase Associa- 
tion Test (Heath, 1956). For each 


3 Abelson (1958) has recently drawn at- 
tention to the general case of three-way data 
tables (as in our matrix). He has sug- 
gested the use of discriminant function in 
their analysis, paying particular attention 
to the kinds of differences that may be of 
interest to various investigators. 
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subject-phrase unit we obtain an index 
of disturbance (D) based on the verbal 
association to the phrase and the mag- 
nitude of the change in skin conduct- 
ance corrected for base level (PGR). 
Here again two correlations between 
D and PGR result. The correlation 
between the Ss’ mean disturbance score 
and mean PGR change is — .529; that 
between the mean disturbance score 
and mean conductance change elicited 
by each phrase is + .303. 

For illustrative purposes, some plau- 
sible explanations of these two findings 
can be considered. For example, in 
the case of verbal frequency and idio- 
syncrasy, individuals who give many 
associations tend to exhaust the com- 
mon vocabulary and become idiosyn- 
cratic, while stimulus objects which 
elicit many associations are probably 
more familiar and elicit few idiosyn- 
cratic associations. In the second set 
of findings, some such notion as the 
alternate or substitutive expression of 
disturbance in verbal and physiological 
systems of individual subjects may be 
relevant for the negative correlation, 
while the positive relationship for 
phrases may be related to an activation 
explanation. What is clearly evident 
from these findings is that the dis- 
turbance index of a phrase, the PGR 
elicited by a phrase, the frequency 
associations elicited by a stimulus, 0f 
the idiosyncrasy of those associations 
are quite different measures than whet 
these “variables” are attributed to ê 
subject. 

Similarly, questions as to the de- 
scription of the “proper” or a 
relationship between these pairs 0 
variables, or the relative interest © 
the subject or stimulus correlation are 
vacuous. What must be kept in mi 
is that we are dealing here with dh 
ferent variables. This difference 1 
sides in both operational consider 
tions, i.e., in ways in which the meas 
ures are obtained, and in concept"? 
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considerations, i.e., the relationship be- 
tween the variable and other terms. 
The choice of the variable to use will, 
as always, be determined by theory— 
the kind of question we want to ask 
of our data. Clearly a theory which 
talks about individual differences in 
conductance changes may be different 
from a theory which talks about the 
effect of various stimulus dimensions 
on conductance changes.. This dif- 
ference in theoretical considerations 
looms particularly large if we consider 
the position of these two types of 
variables within the antecedent-conse- 
quent relationship. In the situational 
design we may manipulate the an- 
tecedent conditions which give rise to 
a variation in the variable of interest; 
in the subject design we obtain values 
of the variable of interest, but the 
antecedent conditions which have given 
rise to these particular values may, in 
fact, vary considerably from subject 
to subject. In the latter case we 
cannot infer identical arousal or an- 
tecedent conditions, whereas in the 
former we can manipulate or control 
these conditions. 

The classical experimental design 
has not been explicitly compared with 
the two correlational designs examined 
here. In this kind of design it is 
usually quite clear that we are dealing 
With stimulus variables, i.e., variations 
in manipulations and conditions. How- 
ever, these “experimental” variables 
should not be uncritically equated 
with similar variables appearing in a 

Subject sampling design. It is quite 
apparent that designs which relate an 
Independent and a dependent variable, 
g., drive (deprivation) and perform- 
ance, may be using different variables 
im our sense than those where the 
Measurement of one of the variables, 
€g. drive, depends on some experi- 
ential history of the Ss (the subject 
Sampling design). Thus, studies of the 
effect of shock or induced anxiety on 
Performance may be subject to a dif- 


149 


ferent conceptual interpretation than 
those which investigate the differential 
performance of Ss of high and low 
anxiety. 

Similarly, the distinction made here 
also applies to studies in which we 
might be interested in the relation be- 
tween perceptual accuracy and emo- 
tional response to stimuli. A stimulus 
(e.g. an emotionally loaded word) 
which arouses “perceptual defenses” is 
different from a “perceptually defen- 
sive” subject. Another relevant cau- 
tion might be entered against a com- 
parison of child-rearing variables and 
adult characteristics when it is based 
on variations across social classes (the 
stimulus design) as against variations 
in individual subjects. 

These few examples illustrate the 
importance of specifying fully the 
operational and conceptual function of 
a variable. A joint specification of 
the instrument and the population of 
instances over which the variable oper- 
ates seems imperative on the basis of 
the considerations presented here. 
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In this paper it is intended to review 
generally five approaches which relate 
to the analysis of behavior in a choice 
situation where a decision is made be- 
tween alternatives having different 
subjective probabilities of attainment. 
The présent discussion is mainly con- 
cerned with the way in which the 
concept of subjective probability has 
been incorporated into each model. 

The five contributions to be reviewed 
are: (a) the Lewin, Dembo, Festinger, 
and Sears (1944) analysis of level of 
aspiration behavior; (b) Tolman’s 
(1955) discussion of the principles of 
performance ; (c) Rotter’s (1954) basic 
equation in his social learning theory; 
(d) Edwards’ (1954, 1955) discussion 
of the SEU model from decision 
theory; and (e) Atkinson's (1957) 
risk-taking model. 

The remarkable fact about these 

~ five approaches is their similarity with 
respect to concepts employed and equa- 
tions advanced. Recently Siegel (1957) 
has noted the close similarity between 
the level of aspiration analysis by 
Lewin et al. (based on the earlier work 
of Escalona [1940] and Festinger 
[1942b]) and the SEU decision model, 
The first main aim of this paper is to 
show that the parallel may be taken 
further to include the analyses by Tol- 
man, Rotter, and Atkinson. This 
parallel is all the more interesting and 
significant in that these models have 
developed from different areas of re- 
search. Lewin et al. are concerned 
with goal-setting in the level of aspira- 
tion situation, Tolman’s analysis is 


1Now on leave at the University of 
Michigan. 
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related to animal experimentation, 
Rotter’s social learning theory is ap- 
plied to clinical problems, the Edwards 
SEU model relates to research in de 
cision theory, and Atkinson is con- 
cerned with the effect on risk-taking 
behavior of individual differences in 
motive strength. It would appear, | 
then, that interpretations of research 
from diverse areas are converging 
upon a similar type of model. 

Despite this parallel, however, there 
is a discrepancy in the way in which 
subjective probability is included in 
the different analyses. The second 
main aim of this paper is to bring 
this discrepancy to light. The dis- 
crepancy concerns whether or not con- 
cepts which are akin to utility in the 
various models are taken to be inde- 
pendent of subjective probability. In 
other words, are utilities, valences, 
reinforcement values, and similar con- 
cepts related to subjective probability 
in these models, or are they assumed 
to be independent? It will be argued 
that this question can be approach 
experimentally, and an experimental 
study (Feather, in press) testing hy 
potheses, derived from assumptions 
about the effects of past learning % 
behavior in choice situations, will be 
outlined in an attempt to resolve some 
of the disagreement. 


Tue Five ANALYSES 
Lewin et al. $ 


The Lewin et al. analysis? of i 
of aspiration behavior involves t 


2 This model is in some respects simit 
to Cartwright and Festinger’s (1943) th à 


concepts of force, valence, and sub- 
jective probability. The positive va- 
lence of future success Va (Sue A*) 
at Level n, as it appears to the sub- 
ject when he sets his goal, is positively 
related to the expected difficulty of 
attaining that level. Further, the 
negative valence of future failure Va 
(Fai A") at Level n is inversely related 
to the expected difficulty. However, 
since the subject is dealing with future 
Success and failure, Lewin et al. con- 
sider also the probabilities of occur- 
rence of these events. In accordance 
with Lewin’s (1943) general approach, 
these are subjective and two such prob- 
abilities are distinguished, the sub- 
jective probability of success Prob. 
(Suc A") at Level n, and the sub- 
jective probability of failure Prob. 
(Fai A") at Level n. The subjective 
probability of success is inversely re- 
lated to difficulty, while the relation- 
ship of the subjective probability of 
failure to difficulty level is direct. 
Thus, in the model, the positive va- 
lence of future success decreases with 
increase in the subjective probability 
of success, and, likewise, the negative 
valence of future failure decreases with 
increase in the subjective probability 
of failure ; i.e., valences and subjective 
Probabilities are inversely related. 

The choice of a particular level is 
assumed to be determined by a com- 
bination of these valences and sub- 
-jective probabilities. Lewin et al. 
_ Postulate a weighted valence of success 

Va (Suc A") at Level n as a multi- 
Plicative function of the valence and 
Subjective probability of success at that 
level; 


Va (Sue A”) = Va (Suc A*). 
ss Prob. (Suc A") 


retical account of decision time which in- 
volves the concept of restraining forces and 
Fandom fluctuation of subjective magnitudes 
“i around a mean value. 
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Similarly, the weighted valence of 


failure "Va (Fai A") at Level n is 
given by: 
Va (Fai A*) = Va (Fai As), 
Prob. (Fai A") 


Driving forces are coordinated to 
each of these weighted valences, and it 
is assumed that Level n will be selected 
if the resultant weighted valence at that 
level is a maximum. This model is 
used to interpret many of the results 
from level of aspiration studies, 


Tolman 


Tolman (1955) discusses the ques- 
tion of how his assumed cognitive and 
motivational variables issue into actual 
behavior. He sets out principles which 
are concerned with molar acts identifi- 
able by observing responses in more 
than one concrete test situation. Speci- 
fically, he discusses a hungry rat’s per- 
formance of lever pressing in a Skinner 
box, in terms of the following vari- 
ables: the need-push for food (ny), 
the positive valence of expected food 
(vy), the expectation of food (expr), 
the need-push against work (nw), the 
negative valence of the expected work” 
(vw), and the expectation of work 
(exw). 

These variables are related to the 
performance vector (Pv) in the follow- 
ing equation: 


Po = f.(my, vs, exp) 
g ty (nw, Daws expe) 


The functions f+ and fy are left un- 
specified, but Tolman suggests that it 
is possible that they might be multi- 
plicative. The equation is applied to 
discussion of some basic types of animal 
experimentation, including discrimina- 
tion ina simple choice situation. Tolman 
does not consider in his paper the 
possibility that, in some situations, 
there may be relationships between 
valences and expectations, 
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Rotter 

Rotter indicates that the emphasis 
in his social learning theory “. . . is 


on performance, on the selection of 
alternative behaviors, rather than on 
the acquisition of responses or on early 
conditioning of physiological reflex be- 
havior” (1954, pp. 80-81). His is 
an expectancy-reinforcement point of 
view involving the concepts of behavior 
potential, expectancy, and reinforce- 
ment value. The approach is essentially 
molar and shows the influence of Tol- 
man and Lewin. 

Behavior potential is determined 
from the behavior actually occurring 
when the individual makes a choice, 
and measures are relative so that in 
any situation where alternatives are 
present, it is possible to order behavior 
potentials according to their strength. 
Rotter’s expectancy refers to a prob- 
ability held by the individual, which 
can nevertheless be objectively meas- 
ured (see, for example, Rotter, Fitz- 
gerald, & Joyce, 1954). Reinforce- 
ment value is determined from a choice 
situation where expectancy is held 
constant for the alternatives present. 

The three concepts are related in 
Rotter’s fundamental equation : 


BP in «1B = f (Ezra sei S R. V.a) 
which is read as follows: “The poten- 
tial for behavior x to occur in situa- 
tion 1 in relation to reinforcement a 
is a function of the occurrence of rein- 
forcement a following behavior x in 
situation 1 and the value of reinforce- 
ment a” (1954, p. 108). Rotter is 
careful to avoid any precise mathe- 
matical formulation, but it is clear 
from his discussion (1954, pp. 108- 
109) that he favors a multiplicative 
relationship. He extends his funda- 
mental equation to cover sets of rein- 
forcements, behaviors, and situations, 
but the essential relationship is main- 
tained, 
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It should be noted that reinforce- 
ment value and expectancy are held, 
in general, to be independent and may 
be related only under specific con- 
ditions. This is in contrast to the 
inverse relationship between valence 
and subjective probability in the Lewin 
et al. analysis. 


Edwards SEU Model 


In recent years a considerable body 
of literature concerning the theory of 
decision has appeared, much of it in- 
fluenced by von Neumann and Morgen- 
stern’s (1944) book, Theory of Games 
and Economic Behavior. Edwards 
(1954) has reviewed this literature, 
and in a later article (1955) he argues 
on the basis of his research into prob- 
ability preferences (1953) that a com- 
prehensive model for risky choice would 
include both the concepts of utility and 
subjective probability. 

Edwards discusses a model which 
asserts that people choose so as to 
maximize subjectively expected utility 
(SEU). -This is expressed (1955, 
p. 201) in the following equation: 


SEU = ¥ pu; 


where p;* refers to the subjective 
probability corresponding to the ob- 
jective probability of the ith outcome, 
and u; is the utility or subjective value. 
Similar models have been presented 
by Ramsey (1931), Savage (1954), 
and by Coombs and Beardslee (1954). 

It should be noted that utility and 
subjective probability are generally 
considered to be independent in SEU 
models. Thus Edwards writes: “If 
utilities and subjective probabilities arè 
not independent, then there is no hope 
of predicting risky decisions unless 
their law of combination is known, chet 
it seems difficult to design an experi 
ment to discover that law of combina- 
tion” (1954, p. 400). This line 1 
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also taken by Coombs and Beardslee 
(1954, p. 263) in their assumption 
that utility of prize and utility of stake 
are independent of psychological prob- 
ability. In this respect these models 
appear to be closer to Rotter’s ap- 
proach, which, we have seen, provides 
a similar independence assumption con- 
cerning reinforcement value and ex- 
pectancy. 


Atkinson 


Atkinson's (1957) analysis of risk- 
taking behavior may be considered as 
an extension of the Lewin et al. re- 
sultant valence theory of level of aspira- 
tion. This model involves six variables: 
The subjective probability (i.e., ex- 
pectancy) of success (P,), the sub- 
jective probability of failure (P,), the 
incentive value of success (J,), the 
negative incentive value of failure (J;), 
the achievement motive (M,), and the 
motive to avoid failure (M,). The 
subjective probabilities refer to situa- 
tionally aroused expectancies in the 
person concerning the probability of 
the consequences of instrumental acts. 
Positive incentives refer to potential 
rewards and goals, negative incentives 
to potential punishments and threats, 
both types of incentive being experi- 
mentally manipulable. Motives are 
conceived as dispositions within the 
Person to approach certain classes of 
Positive incentives or to avoid certain 
classes of negative incentives. The 
general method of inferring strength 
of motive is through content analysis 
Of thematic apperception (Atkinson, 
1958). 

It will be noted that the model differs 
from the Lewin et al. theory in giving 
Motives and incentive values inde- 
pendent status. However, Atkinson 
Suggests that the valence or utility of 
an incentive may be considered as a 
function of strength of motive and 
incentive value (1958, pp. 303-304). 
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Specific assumptions are made con- 
cerning the incentive values of success 
and failure. The incentive value of 
success (/,) is taken as the com- 
plementary of the subjective probabil- 
ity of success (P,), ie., J, = 1 — P, 
Further, the negative incentive value of 
failure (7;) is taken as — P,. In short, 
incentive values and subjective prob- 
abilities are inversely and linearly 
related. 

The variables are combined multi- 
plicatively in the following equation : 


Resultant Motivation 
= (M, xP, x I.) 
+ (M, x P; x — I;) 


Predictions are made from this model 
concerning the effects of individual 
differences in the strength of achieve- 
ment motive and motive to avoid 
failure, on both level of performance 
and risk-taking. Atkinson (1957) 
reports experiments which are con- 
sistent with these predictions. 


Summary and Discussion 


It is apparent that the above five 
approaches are generally similar in 
the concepts they employ and the equa- 
tions which they advance. In each of 
them a “resultant force” is related to 
a maximized combination of “valence” 
and “subjective probability” factors. 
The basic type of relationship for 
each is summarized in Table 1. 

This table shows that similar types 
of equations are being advanced from 
five different areas and suggests that 
it might be possible to effect some 
integration, perhaps by combining the 
mathematical sophistication of decision 
theory with some of the experimental 
insights from the other areas. 

It is also apparent, however, that 
there appears to be a discrepancy in 
the way subjective probability has been 
incorporated into these models. The 
basis of this discrepancy is expressed 
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TABLE 1 
CONCEPTS IN FIVE THEORETICAL STATEMENTS RELATED TO THE VARIABLES 
SUBJECTIVE PROBABILITY, ATTAINMENT ATTRACTIVENESS, 
AND CHOICE POTENTIAL 
Theorist Concepts Resultant 
Lewin et al. subjective probability X valence force (weighted valence) 
Tolman expectation, need-push, valence performance vector 
Rotter expectancy and reinforcement value behavior potential 
Edwards subjective probability X utility SEU ae 
Atkinson expectancy X (motive X incentive value) resultant motivation 


in the question: Are vdlences, rein- 
forcement values, and utilities inde- 
pendent of subjective probability? If 
they are not independent, then the 
prediction of decision under uncertainty 
becomes a complex matter. As we 
have seen, Lewin et al. answer this 
question in the affirmative and assume 
an inverse relationship between valence 
and subjective probability, Atkinson 
likewise relates incentive value in- 
versely to subjective probability, Tol- 
man does not consider the question, 
Rotter argues that his concepts of 
reinforcement value and expectancy 
are in general independent, while Ed- 
wards, and Coombs and Beardslee, 
assume independence between utility 
and subjective probability. 

It is, of course, quite feasible that, 
if utility type concepts are independent 
of subjective probability, this indepen- 
dence might be confined to particular 
types of situation and activity. De- 
cision theorists usually begin by de- 
fining these concepts as independent 
and, in their experiments, attempt to 
deal with situations and activities where 
this assumption may be justified, We 
would argue, however, that a more 
comprehensive theory of decision would 
also consider situations and activities 
where this assumption might not be 
reasonable, and would in addition set 
out a theoretical basis for independence 
or otherwise. While it is quite legiti- 
mate to make the assumption of inde- 


pendence and to see where it leads in 
terms of prediction from the decision 
model, there is point to the question 
of when the assumption should be 
made, the clarification of the conditions 
under which it might or might not be 
reasonable, and the theoretical basis 
for the judgment. 

An experimental approach to this 
problem has recently been made by 
Feather (in press) in a study of the 
effect of varying subjective probability 
of attainment in a decision situation 
involving different goal objects. No 
attempt is made to provide a sophis- 
ticated mathematical analysis. Instead, 
the hypotheses are related to rather 
general assumptions which stress the 
effects of past learning experiences on 
the present decision, for different types 
of situation, 


DEFINITIONS, ASSUMPTIONS, 
HYPOTHESES 
Three concepts, attainment attrac- 
tiveness, choice potential, and success 
probability, are defined as follows: 


1. Given a number of goal objects 


A,B,C . . . the attainment attractive- 
ness of A > attainment attractiveness 
of B>... if, in a situation in which 


S is required to express his wishes with 
respect to attainment, and in the ab- 
sence of any commitment to the choice 
he states that he would prefer to get 
A, rather than to get B... 
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2. Given a number of goal objects 
A,B,C, . . . the choice potential as- 
sociated with A > choice potential as- 
sociated with B >... if, in a situation 
in which there is the implication that S 
is committed to his choice, he chooses 
to get A, rather than B ... 

3. The success probability associated 
with a goal object refers to the prob- 
ability held by S that a particular goal 
object may be obtained. 


Thus attainment attractiveness is de- 
fined by a situation where S merely ex- 
presses wishes concerning which goal 
object he would like to get* the most, 
whereas the definition of choice potential 
involves a situation where he decides 
which particular goal object he would 
try for. Success probability obviously 
corresponds to the subjective proba- 
bilities of Lewin et al., Atkinson, Ed- 
wards, Coombs and Beardslee, and 
also to Tolman and Rotter’s expect- 
ancy. Attainment attractiveness cor- 
responds to the concepts of valence, 
reinforcement value, and utility ; choice 
potential to the concepts of force, 
resultant motivation, performance vec- 
tor, behavior potential, and SEU. 

The following assumptions are in- 
volved in the hypotheses of the investi- 
gation: 


1. It is assumed that the attainment 
attractiveness of a goal object may 
be related not only to its attractiveness 
qua object but also to the value which 
S places on its achievement; his wishes 
reflect both the attractiveness of the 
object for him and the extent to which 
he values achieving it. 


*Tt should be noted that the definition 
` refers to the attractiveness of attaining a 
goal object rather than to the attractiveness 
of a goal object. This is in contrast to 
the variable studied in many of the object 
Preference studies (Filer, 1952; Irwin, 
Armitt, & Simon, 1943; Wright, 1937), 
ut is clearly similar to the positive valence 

OF success in the Lewin et al. analysis. 
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2. It is assumed that, in general, $ 
places greater value on the attainment 
of a goal object when it is difficult to 
get than when it is easy to get. In 
our culture it is common to praise 
the successful achievement of a dif- 
ficult goal, while failure to attain an 
easy goal is often deprecated and is, 
in some cases, punished. With the 
relatively consistent occurrence of these 
rewards and punishments, one might 
expect that S will come to develop 
achievement values which vary with 
difficulty level as assumed. 

3. It is assumed that the value 
placed on the attainment of a difficult 
goal object is greater in: (a) ego- 
related than in chance-related situa- 
tions;* (b) achievement-oriented than 
in relaxed situations. Again it is 
possible to consider general learning 
experiences in our culture. In some 
situations, achieving the difficult is 
praised more than in others, and, con- 
versely, failing to achieve the easy is 
punished more in some situations than 
in others. Thus one might expect 
that S will come to learn to relate his 
achievement values to the situation. 
Specifically, he should tend to value 
achieving the difficult more in a situa- 
tion in which he can obviously ascribe 
success to his own efforts or skill (ego- 
related) than in one where success 
may be seen as mainly due to chance 
factors beyond his control (chance- 
related) ; and more in a situation which 
is structured as a test, involving con- 
siderable pressure towards doing well 
(achievement-oriented), than in one 


4This is in line with the distinction made 
by Filer (1952) between merit and non- 
merit conditions in a study of factors af- 
fecting the attractiveness of goal objects, 
and a distinction made by Phares (1957) 
between skill and chance situations. 

5 This is in line with distinctions made 
by McClelland, Atkinson, Clark, and Lowell 
(1953) and Atkinson (1954) in investiga- 
tions of the achievement motive. 
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which is structured as a game with 
little pressure towards high achieve- 
ment (relaxed). 

4. It is assumed that the choice 
potential associated with a goal object 
may be related to those factors assumed 
to underly its attainment attractive- 
ness and, in addition, to the constrain- 
ing effect® on choice in a commitment 
situation, of the success probability 
associated with the goal object. This 
assumption considers the effect of 
background learning experiences in 
past decision situations which differ 
in the way in which the choice is 
structured. In a decision situation 
which implies that S is committed to 
his choice and may have to act 
upon it, an important consideration in 
making the decision is the possibility 
of failure and loss,’ a factor not present 
when a wishful choice is elicited. It 
may be argued that in the past the 
attempt to achieve the unlikely in 
these situations has often led to failure 
and consequent loss of the goal object, 
whereas choice of the easy has usually 
led to success. As a result of these 


This constraining effect of subjective 
probability is apparent in the models dis- 
cussed. It is also apparent in an experiment 
conducted by Mosteller, Bush, and Goodnow 
and reported in Bush and Mosteller (1955, 
pp. 294-296). They contrasted a gambling 
situation in which losses were subtracted 
from the final score with one in which losses 
were overlooked and only wins were 
counted. They found that subjects in the 
former situation moved more rapidly and 
more completely to a concentration of 
choices on the more probable alternative. 

T One might also include as a factor the 
negative value or repulsiveness of failure 
per se apart from loss of the goal object 
(Lewin et al, Atkinson). In situations 
where goal objects are low in value and have 
little interest for the subjects, one might 
expect this “failure repulsiveness” to affect 
the committed choice. It is assumed, how- 
ever, that in the experimental situation to 
be discussed this is not a salient factor, the 
important thing being the possibility of 
loss of the goal object. 
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experiences, one might expect the 
development of a tendency to choose 
the easy rather than the difficult in a 
commitment type of choice situation, 
i.e low success probability should 
tend to constrain or oppose committed 
choice, channelling choice in the direc- 
tion of the easy. But here also, it is 
necessary to consider the role of 
achievement values and their relation 
to situational context. It may happen, 
for example, that in situations which 
are highly achievement-oriented and 
ego-related, the value placed on the 
difficult achievement is the dominant 
factor in the decision, and hence com- 
mitted choice is in line with S’s wishes. 

In terms of these assumptions the 
following two hypotheses are advanced: 

Hypothesis 1. The attainment at- 
tractiveness of a goal object should 
tend to vary inversely with the as- 
sociated success probability. This 
assumed co-variation should tend to 
be more apparent in (a) ego-related 
than in chance-related situations and 
(b) achievement-oriented than in re- 
laxed situations. 

Hypothesis 2. The choice potential 
associated with a goal object should 
tend to vary directly with the associ- 
ated success probability. This assumed 
co-variation should tend to be less ap- 
parent in(a)ego-related than in chance- 
related situations and (b) achievement- 
oriented than in relaxed situations. 

Hypothesis 1 proposes that as a goal 
object becomes less likely for S he 
should tend to wish to get it more 
and that this increase in attainment 
attractiveness should be more apparent 
in ego-related and achievement-oriented 
situations where higher value is placed 
on the difficult achievement. It is 
apparent that the investigation of this 
hypothesis may help to elucidate the 
question of whether or not concepts 
of the utility type are related to sub- 
jective probability and, if so, under 
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what conditions. There is no state- 
ment of independence in Hypothesis 1, 
but it should be noted that the inverse 
relationship between attainment at- 
tractiveness and success probability has 
limits imposed upon it according to 
situational conditions. Thus it is pre- 
dicted that S should wish to get a 
difficult goal object more in a situation 
which is test-like in nature than in one 
which is structured as a game, and 
more in a situation where he can 
ascribe success to his own skill than 
in one in which success is obviously a 
chance phenomenon. It might in fact 
happen that where a situation is re- 
laxed and success is chance-related, 
there may be little evidence of the 
presence of achievement values related 
to difficulty, and the inverse relation- 
ship might not occur. Here, then, an 
independence assumption would be 
justified. The general theoretical basis 
for Hypothesis 1 is contained in the 
first three assumptions. 

Hypothesis 2 proposes that as a 
goal object becomes less likely for S, 
there should be Jess tendency for him 
to choose it even though achievement 
of it is more highly valued. It is, 
however, possible that the direct re- 
lationship may not be apparent under 
ego-related and achievement-oriented 
conditions because of the relatively 
higher value placed on achievement 
of the difficult in these situations. Here 
committed choice might mirror S’s 
wishes. All four assumptions are in- 
volved in this hypothesis. 


An EXPERIMENTAL STUDY 


More detailed description of experi- 
mental procedure is presented in an- 
other report (Feather, in press). The 
variables were incorporated into a 
2 X 2 x 2 factorial design, and 24 boy 
Ss sampled from New South Wales 
Primary Schools were randomly as- 
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signed to each of the eight groups. 
Testing was individual. 

Five different candies were used as 
goal objects in the procedure. These 
were selected on the basis of pilot 
research so as to be similar in attrac- 
tiveness and were presented to each § 
in a paired-comparison arrangement, 
the 10 different pairs being presented 
successively. One candy in each pair 
was easier to get than the other, the 
difference in subjective probability 
being related to different task require- 
ments, T, and T,. 

Ss in the ego-related situation were 
first required to sort a deck of 36 cards 
into 3 trays for 6 trials, and for each 
trial a fictitious prearranged time score 
was reported. Similar sequences of 
times were used for all Ss in this 
situation in order to allow them the 
same opportunity of arriving at an 
estimate of their ability on what to 
them was a novel task. Following 
the 6 trials, the 10 pairs of candies 
were presented successively and for 
each pair the success probability as- 
sociated with each candy was deter- 
mined by implying that attainment 
would be contingent upon sorting the 
cards in a specified time. Thus, “Sup- 
pose you were actually trying to get 
one of these, and that you would get 
it only if you could sort the cards 
within a certain time... . If you de- 
cided to try for this one, you would 
get it only if you sorted the cards 
within 41 sec. (T,). If you tried for 
this one, you would get it only if you 
sorted the cards within 46 sec. (T,). 
So this packet is an easy one to get, 
this one is a hard one to get.” This, 
then, is the sort of situation in which 
success can obviously be ascribed by S 
to his own skill. 

The Ss tested under chance-related 
conditions were shown a lottery box 
containing 15 red marbles and 5 blue 
marbles. One of the marbles could 
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be rolled through a gate at the bottom 
of the box. The 10 pairs of candies 
were presented successively and for 
each pair the success probability as- 
sociated with each candy was deter- 
mined by implying that attainment 
would depend upon rolling out a marble 
of a particular color. Thus, “If you 
decided to try for this one you would 
get it only if you rolled a blue marble 
out of the box (T,). If you tried for 
this one you would get it only if you 
rolled a red marble out of the box 
(T,).” In contrast to the above, this 
is the sort of situation in which success 
can be seen by S as largely a matter of 
chance. 

Under achievement-oriented condi- 
tions, card-sorting was introduced as 
a test of speed and the lottery box as 
a test of luck. In the relaxed situa- 
tion, card-sorting was introduced as 
a game played with cards and the 
lottery box as a marble game. 

The S was required to make his 
selection from each pair of candies in 
accordance with the dependent variable 
studied. For attainment attractiveness, 
the question was: “Now if you were 
to get one of these, which one would 
you feel most pleased about getting? 
Which one do you wish you could get 
the most?” For choice potential, the 
question was: “Which one would you 
actually choose to try to get . . .?” 
The S was not, however, required to 
act upon his choice. The Ss were also 
asked to give a reason for each selec- 
tion made. 

Using an extended yx? analysis (Sut- 
cliffe, 1957), it was possible to com- 
pare the proportion of times a candy 
was selected when it was easy to get 
as against when it was difficult to get 
for each dependent variable over the 
different situational conditions. 

Later all Ss were tested individually 
under actual choice conditions with the 
same pair of candies being used 
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throughout. Instructions were as fol- 
lows: “I’m going to let you actually 
try to get one of these today. . . 
Which one are you actually going to 
choose to try to get...?” It was thus 
possible to compare an S’s selection 
from this pair in the first or verbal 
situation with his choice in the second 
or actual situation, other conditions 
remaining the same. A binomial test 
was used to evaluate the significance 
of changes. 


RESULTS AND IMPLICATIONS 


In general, the results, which are 
presented with the statistical analysis 
in detail elsewhere (Feather, in press), 
confirm both hypotheses. Tables 2 and 
3 will serve to indicate the basic type 
of data analyzed for Hypotheses 1 and 
2. Table 2 presents results bearing 
upon Hypothesis 1 for Candy C. 

Table 3 presents results bearing upon 
Hypothesis 2 for Candy C. 

Subject to the scope of this investi- 
gation, the major results may be sum- 
marized as follows: 


1. Where attainment attractiveness 
is the dependent variable there is, for 
all situational conditions combined, 4 
significant decrease in the proportion 
of + selections for each of the goal 
objects as success becomes subjectively 
more likely (i.e. less of a tendency 
to wish to get the candy, as it be- 
comes easier to get). This supports 
Hypothesis 1. 

2. Where choice potential is the de 
pendent variable there is, for all situa- 
tional conditions combined, a significant 
increase in the proportion of + selec 
tions for each of the goal objects as 
success becomes subjectively more 
likely (i.e. more of a tendency t° 
choose to get the candy, as it becomes 
easier to get). This supports Hy- 
pothesis 2. 

3. These results are in turn related 


SUBJECTIVE PROBABILITY AND Decision UNDER UNCERTAINTY _ 159 


TABLE 2 


FREQUENCIES OF SELECTION (+) AND NONSELECTION (—) or Canny C 
FOR ALL EXPERIMENTAL ConpiTions (HyPornests 1) 


Choices 
Condition — Total 
Selected (+) Not Selected (—) | 

Ego, Achievement, Ts 5 43 48 
Ego, Achievement, 7; 42 6 48 
Ego, Relaxed, Ty 16 32 48 
Ego, Relaxed, Tı 30 18 48 
Chance, Achievement, Ts 9 39 48 
Chance, Achievement, T; 31 17 48 
Chance, Relaxed, T: 25 23 48 
Chance, Relaxed, 7; 27 21 48 
Totals 185 199 384 


Note.—Table 2 is to be read as follows: In the ego-related, achievement-oriented situation Candy C is selected 
5 times and rejected 43 times in the 48 pairs in which its attainment depends upon apek Alea performance 
requirement T+ (sorting the cards within 46 or 47 sec.) and when attainment attractiveness is the ndent variable. 


to situational context, differences in goal objects, with increase in success 
relationships between situations being probability when attainment attractive- 
generally in line with prediction. Thus, ness is the dependent variable, is greater 
for example, the decrease in the pro- under achievement-oriented conditions 
portion of + selections for each of the than under relaxed conditions, and 


TABLE 3 


FREQUENCIES OF SELECTION (+) AND NONSELECTION (—) oF Canny C 
FOR ALL EXPERIMENTAL CONDITIONS (HYPOTHESIS 2) 


Choices 
Condition Total 
Selected (+) Not Selected (—) 

Ego, Achievement, Ts 17 31 48 
Ego, Achievement, Tı 31 17 48 

So SS ait Api E es a 
Ego, Relaxed, T> 38 10 48 
Ego, Relaxed, Tı 12 36 48 
Chance, Achievement, Ts 23 25 48 
Chance, Achievement, Ti 31 17 48 
Chance, Relaxed, T% : 35 13 a 

Chance, Relaxed, Ti 9 39 

Pe oe ae Visor a neu) 

Totals 196 188 384 


Note—Table 3 i follows: In the ego-related, achievement-oriented situation Candy C is selected 
17 times and rejeta S aE 28 pairs in which its attainment depends upon ee fete require- 
ment T (sorting the cards within 46 or 47 sec.) and when choice potential is the dependent able. 
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greater for the ego-related situation 
than for the chance-related situation. 
However, it is interesting to note that 
when the frequency data bearing on 
Hypothesis 1 are considered separately 
for the chance-related, relaxed situa- 
tion alone, there is little evidence for 
an inverse relationship between at- 
tainment attractiveness and success 
probability; i.e., it appears that the 
independence assumption might be 
justified here. Further, under achieve- 
ment-oriented conditions, the relation- 
ship between choice potential and 
success probability swings to inverse; 
i.e., there is an increase in the propor- 
tion of + choices of a candy with de- 
crease in success probability. It appears 
that achievement values are partic- 
ularly important factors for both wish- 
ful and committed choice under these 
testlike conditions.® 

4. Subjects, in giving their reasons 
for selection, indicate the importance 
for them of the attractiveness of the 
object, achievement values, and the 
constraint of success probability as 
factors affecting their decisions in the 
different situations. The reasons given 
are in agreement with the assumptions 
involved in the hypotheses. For ex- 
ample, wishing to get the difficult is 
most often explained in terms of 
“wanting to do well,” etc., aen by 
reference to achievement values, while 
choosing to get the easy is generally 
explained in terms of the probability 
factor, e.g., “You've got more chance 
of getting it.” 

5. The constraining effect of success 
probability on choice behavior in a 
commitment situation becomes partic- 


8 This particular result is of course sub- 
ject to the goal objects used in this in- 
vestigation. For goal objects of high value 
one might expect less of a tendency to 
choose the difficult under achievement- 
oriented conditions, since the loss attendant 
upon failure is greater. 
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ularly apparent where the choice is 
actual, i.e., where the person is, in fact, 
required to act upon his choice. Situa- 
tions can vary in the degree to which 
they imply commitment; an actual 
situation seems to show to best ad- 
vantage the role of success probability 
as a constraint on choice behavior, 

These results appear to have the 
following implications with respect to 
the role of subjective probability in 
decision under uncertainty : 


1. It is suggested that it is important 
to define clearly the meaning of success 
for a person in a decision situation 
where alternatives of different sub- 
jective probabilities are presented. This 
study has indicated that achievement 
values related to difficulty level may 
have an effect on the decision, and 
the evidence supports a fairly general 
inverse relationship between attain- 
ment attractiveness and success prob- 
ability. This is consistent with the 
inverse relationship assumed by Lewin 
et al. between positive valence of 
success and subjective probability, and 
with Atkinson’s assumption of an in- 
verse relationship between incentive 
value of achievement and subjective 
probability. It does not agree, how- 
ever, with the independence assump- 
tions of Rotter, Edwards, and Coombs 
and Beardslee. It should be noted that 
both the Lewin et al, and Atkinson 
models are related to the level-of- 
aspiration type of situation where 
achievement values might be expected 
to play an important role, In contrast, 
decision-theoretical models have, to 
date, been mainly concerned wit 
chance-related situations which may 
be so structured as to make achieve- 
ment values related to difficulty rela- 
tively unimportant, since personal 
endeavor cannot effect the external 
random event on which the outcome 
depends. Situations in which achieve 
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ment or nonachievement of a goal may 
have personal relevance are, in the 
language of decision theory, cases of 
uncertainty rather than risk. These 
constitute an important class of situa- 
tions which decision theory will ulti- 
mately have to consider; they pose 
complex and difficult issues requiring 
detailed analyses and research. It is 
to be hoped that in time it will be 
possible to relate decision in these 
situations to sophisticated and rigorous 
mathematical models. Recently Dréze 
(1958) has attempted to extend de- 
cision theory in this direction in a 
theoretical analysis of individual de- 
cision making under partially con- 
trollable uncertainty. 

It should be pointed out, however, 
that the results of the present study 
suggest that the independence assump- 
tion may in fact be an oversimplifica- 
tion even for chance-related situations 
(cf. results in Table 2 for chance- 
related, achievement-oriented condi- 
tions), and Atkinson makes the same 
point when he argues (1957, pp. 370- 
371) that incentive values may general- 
ize to gambling situations in which 
winning is really not contingent upon 
one’s own skill and competence. It is 
also possible that some tasks used 
in decision studies, while objectively 
chance-related, may be seen by S as 
involving an element of skill (e.g., the 
Pinball apparatus used by Edwards 
[1953]), and, further, that achieve- 
ment values related to difficulty might 
generalize to them on the basis of past 
experience. We would therefore ques- 
tion the reasonableness of an inde- 
pendence assumption in some of these 
Studies. As we have noted previously, 
It would be quite legitimate to assume 
independence between utility and sub- 
jective probability and then see where 
the decision model leads with respect 
to agreement of logical prediction and 
observation. But surely a more com- 
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prehensive model would carefully con- 
sider the conditions under which an 
independence assumption may or may 
not be justified and would present the 
theoretical rationale and criteria for 
arriving at the judgment of whether 
to make the assumption or not. 

2. It is suggested that it is important 
to consider the way in which the 
decision is structured, particularly the 
degree to which it involves commit- 
ment. The results have shown im- 
portant differences in relationships 
involving subjective probability, ac- 
cording to whether or not a committed 
choice or a wishful choice is studied. 
There is further support for this from 
level-of-aspiration studies (Festinger, 
1942a; Irwin & Mintzer, 1942) which 
have indicated that the type of question 
asked can affect the response. 

3. Finally, it is suggested that it is 
important to study decision for dif- 
ferent situational contexts. The results 
have shown that there are differences 
for ego-related versus chance-related 
situations, and for achievement-oriented 
versus relaxed situations. Thus, for 
example, the results indicate that the 
direct relationship between choice po- 
tential and success probability which 
occurs under relaxed conditions swings 
to inverse in the achievement-oriented 
situation; i.e., in this type of situation, 
committed choice tends to be in line 
with the S’s wishes. We have con- 
sidered these differences in terms of 
situational effects on achievement val- 
ues, but there is a further possibility to 
consider here, namely, a possible situa- 
tional effect on subjective probability 
which would affect the decision. Under 
achievement-oriented conditions, for 
example, there may be a tendency to 
overestimate probabilities. Lewin et al. 
write as follows: “. . . the various parts 
of the life-space are an interdependent 
field . . . the expectancy or reality 
level of the psychological future is also 
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affected by the wish and fear (ir- 
reality) level of the psychological 
future” (1944, p. 367). Related to this 
are investigations by Marks (1951), 
Irwin (1953), Crandall, Solomon, and 
Kellaway (1955), and Worell (1956) 
which have studied whether stated ex- 
pectations are influenced by the value 
of anticipated events. Atkinson (1957) 
discusses the possible biasing effect of 
achievement motive and motive to 
avoid failure, on subjective proba- 
bilities. 

Further, it is possible that a person's 
attitude towards probability might vary 
across ego-related and chance-related 
situations. It might happen, for ex- 
ample, that an individual tends to 
judge probability as more “depend- 
able” in the former type of situation. 
Phares (1957) has found that a chance 
situation produces smaller expectancy 
changes than a skill situation, since in 
a chance situation scores may provide 
little basis for generalization to future 
trials. Goodnow (1955) has shown 
that the task set is an important con- 
dition in her studies of probability 
matching, “all-or-none” behavior in 
predicting occurring more frequently 
in a gambling task than in a task 
presented as a problem to be solved. 
All of these studies indicate the im- 
portance of considering the relation- 
ship of decision to different situational 
contexts and suggest that the basis for 
these relationships may be complex. 

The above discussion underlines the 
complexity of the decision process and 
is consistent with the general emphasis 
in this paper on the need to consider 
the context of past experience as an 
important influence. Decisions made 
now are to some extent continuous 
with those made previously, and the 
recognition and analysis of this back- 
ground may lead to a better under- 
standing of the role of subjective 
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probability in decision under uneer 
tainty. : 


SUMMARY 


This paper is concerned with the 
way in which the concept of subjective 
probability has been incorporated into 
five approaches which relate to decision 
under uncertainty, viz. the analysis of 
level of aspiration behavior by Lewin 
et al., Tolman’s principles of perform 
ance, Rotter’s fundamental equation 
in his social learning theory, the Ed- 
wards SEU model in decision theory, 
and Atkinson's risk-taking model. These 
approaches are shown to be similar 
with respect to the concepts employed 
and the equations advanced. A dis- 
crepancy is noted in the relationship of 
valence, reinforcement value, and util- 
ity to subjective probability. 

In an attempt to clarify this relation- 
ship, the concepts of attainment attrac- 
tiveness, choice potential, and sucess 
probability are defined. Attainment 
attractiveness is defined in terms of a 
wishful choice relating to attainment 
in a situation free from commitment; 
choice potential is defined by a choice 
in a situation where there is implied 
commitment. Success probability re- 
fers to the probability held by the 
person concerning successful attain- 
ment. In terms of these concepts, 
two hypotheses are advanced. As- 
sumptions involved in these hypotheses 
emphasize the effect on decision of past 
learning experiences, particularly in 
wishful choice and committed choice 
situations, and the influence of rela- 
tively common cultural achievement 
values related to success probability, 
which are also in part a function of 
situational context. It is predicted that 
attainment attractiveness should tend 
to be inversely related to success prob- 
ability and that choice potential should 
tend to be directly related to success 


bility. The hypotheses also con- 
differences in these relationships 
ego-related as against chance-re- 
ited situations, and achievement-ori- 
d as against relaxed situations. An 
imental study is outlined whose 
generally support these hy- 


implications of this study 
decision under uncertainty are 
dered : (a) the importance of con- 
g achievement values as possible 
fi in the decision, (6) the need 
D consider the way in which the 
on is structured (whether it in- 
a statement of wishes in the 
of commitment or a choice 
re commitment is implied or ac- 
tual), and (c) the importance of study- 
ing decision behavior in different types 
Of Situation, in line with the assumed 
in achievement values for 
ferent situations and the possible 
of situational contexts on judg- 
nts of probability. 
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THE NATURE AND ORIGINS OF PSYCHOLOGICAL 
SEXUAL IDENTITY 


THOMAS COLLEY 
Central State Hospital, Lakeland, Kentuchy 


Persons do not exist; there are only 
male persons and female 
biologically, sociologically, and psy- 
chologically. This is a fact which, in 
everyday life, is as evident and im- 
portant to the Australian aborigine as 
it is to the professional psychologist. 
The psychologist, however, often ig- 
nores this while acting in his pro- 
fessional capacity—especially when de- 
Signing experiments or developing 
theoretical systems. Nevertheless, there 
is no human identity uncomplicated 
by sexual identity. Personality evolves 
as either masculine or feminine, or as 
some combination of the two. 

Despite the obvious importance of 
the area of sexual identity for under- 
Standing personality, there has been 
very limited progress in theory of 
Sexual identity since the formulations 
of Sigmund Freud. 

The purpose of this paper is to 
advance a theoretical explanation of 
the nature and origins of psychological 
Sexual identity, which will use a more 
contemporary language than other 
theory in this area and will achieve 
better integration with modern methods 
and knowledge. It relates to modern 
trends of psychological thinking in 
its emphasis upon interactional inter- 
Personal relations, the self, and what 
1S presently being called “person per- 
ception.” 


Theory in Sexual Identity 


Tt does not seem necessary to review 
here the various theories of “psycho- 
Sexual development” and sexual iden- 


tity;* however, a few comments will 
be 


Modern psychology is in debt to 
Sigmund Freud for his forceful asser- 
tion that there was, what one 


in the child, and later in the adult, of 
ew characteristics and dis- 


en driving, formative force that 
he saw in operation was not restricted 
to the ignorant, weak, or wicked” 


going on between 
the child had to be responsible 
Likewise, if every child had 
“base” desires, the forces behind 


Hi 


and are modified by individual person- 
alities and societies. 
AS a review of different theoretical 


ews of sexual identity and 
por vig Ph (1953) and Mullahy (1948). 
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Today, many clinical practitioners 
take as their theoretical orientation the 
Freudian theories of “infantile sexu- 
ality,” “Oedipus complex,” and “stages 
of psychosexual development,” either 
in their original form or in some 
reformulation (Freud, 1938). This 
may seem surprising in view of ad- 
vances made in personality theory since 
Freud, particularly those made by the 
“social-psychological” theorists. Freud's 
thinking, although it forms the basis 
for so much of modern clinical prac- 
tice, is only one source to which 
clinicians may turn for theoretical 


support. 
The work of the cultural anthro- 
pologists, notably Margaret Mead 


(1935, 1949), has exerted a great 
modifying effect. Further modifica- 
tion has been brought about by the 
“neo-Freudians,” especially Erich 
Fromm (1941) and Karen Horney 
(1937). The net effect of these con- 
tributions was a shift in emphasis from 
the inner determinants important in 
the genesis of personality to the socio- 
cultural or outer determinants. 

More recently, in the writings of 
Carl Rogers (1951), George A. Kelly 
(1955), and Harry S. Sullivan (1953), 
the emphasis has begun to swing back 
toward a position somewhere between 
these viewpoints, drawing on both, 
yet adding new meaning. This ‘is 
the emphasis upon interactional inter- 
personal relations and the “self” as 
useful explanatory concepts. 

Despite their many merits, these post- 
Freudian contributions have not found 
their way with ease into the clinical 
setting. They have not provided a 
means of talking and thinking about 
those aspects of personality which are 
so important in problems of mental 
health—sexual interaction and sexual 
identity. This has left us with the 
Freudian concepts as often the most 
practical clinical tools. They have 
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been modified, but age is beginning to 
show on many of them. It is 

that the present approach will take 
the first steps toward providing some 
newer, more useful concepts in the 
area of sexual interaction and sexual 
identity. 


Importance of Sexual Identity and Its 

Discrimination 

Most subhuman mammals seem 
capable from birth or seem quickly to 
learn ways of discriminating one sex 
from another within their species. The 
cues to which they respond are varied, 
but probably most often involve olfac- 
tory and visual perceptual patterns. 
It is probable that the man animal 
in its earlier evolutionary stages also 
relied heavily on such, rather fixed, 
cues for information as to the gross 
sexual characteristics of another. 

For modern man, however, much 
more information than odor or ap- 
pearance is required for comprehen- 
sive discrimination of human maleness 
or femaleness. Human sexual identity 
is vastly more complex than that of 
subhuman animals—it does not emerge 
exclusively from biological origins, and 
thus it cannot be discriminated on the 
basis of biological information alone- 
It is necessary, for example, to know 
of another not only that he is male, 
but also what sort of maleness he 
possesses, 

Close interpersonal relations gener- 
ally involve the interaction of only two 
persons. For this intimate type 


interaction to be meaningful, each per- — | 


son must “identify” the other in certain 
areas, so that each may respond ap- 
propriately to the stimulus the other 
presents. Probably the most important 
area for which meaning is sought i$ 
that of sexual identity. Unless fairly 
accurate sexual discrimination is a® 
complished, interpersonal interaction 1$ 
likely to be fraught with difficulty and 
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anxiety. An individual's social ad- 
justment, as well as perpetuation of 
the species, depends upon accurate 


discrimination of the sexual identity 
of others. 


SEXUAL IDENTITY 
Total Sexual Identity 


Although terms such as “identifica- 
tion” and sexual “role” have often been 
defined, the definition of “sexual iden- 
tity” has been neglected. 

As used here, sexual identity refers 
to the pattern of positions on the bio- 
logical, sociological, and psychological 
continua of the maleness-femaleness 
dimension which characterises an in- 
dividual in relation to others of his 
Sociocultural milieu. This is total 
Sexual identity, and is, therefore, rather 
unwieldy as a concept. We will need 
to analyze it into several major com- 
ponents. 

Description of an individual's sexual 
identity requires statements covering 
at least three important factors: a 
Statement of biological sexual identity, 
a statement of sociological sexual 
identity, and a statement of psycho- 
logical sexual identity. 

By biological sexual identity (this 
Shall be called sexual biomode) is 
meant the characteristics of heredity 
and organic structure and function 
which distinguish the biologically male 
from the biologically female. Such 
Organic features as the primary and 
Secondary sex characteristics and the 
endocrine functions are probably most 
important here. 

Sociological sexual identity (or sex- 
ual sociomode) applies to such things 
aS gross behavior, dress, interests, 
attitudes, social standards of beauty 
and strength, and some personality 
characteristics, which when taken to- 
gether constitute what a particular 
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Society contributes to the concepts of 
maleness and femaleness. 

Psychological sexual identity (or 
sexual psychomode) is meant to include 
characteristic ways of perceiving one's 
sexual interactions with others who 
are identified as being of the same or 
of opposite sexual identity. 

The ion of total sexual iden- 
tity into the three “modes” is done for 
clarity in discussion and economy in 
theoretical organization and does not 


modalities of male and female char- 
acteristics are, without doubt, com- 
plexly interrelated in any person's 
sexual identity. 

The use here of the suffix “mode” 
intends a meaning similar to its statis- 
tical use as “most yr or iero 
frequently occurring.” terms bi 
mode, sociomode, and psychomode may 
be used to refer to what is typical for 
an individual, for the population, or 
for both. For example, if it is stated 
that a Sey and pean! 
male person inappropriate identi 

in sexual psychomode, this means that 
his typical identity | is 
different from that typically occurring 
among males, but that er eau: and 
in social ways he is appropriately male. 

A person’s identity may be inappro- 
priate in one, two, or in all three 
modes, 

It is felt that these three new terms 
will aid in avoiding the confusion 
which, in the past, has plagued the use 
of such blanketing terms as “identifica- 
tion,” “psychosexual role,” “masculine 
(or aiid) identity,” and others 
even less precise in meaning. 


Psychological Sexual Identity 
Description of an individual's sexual 


psychomode requires statements cover- 
ing at least two important factors: a 
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Statement indicating the individual's 
characteristic ways of perceiving his 
interactions with persons of the same 
sex; and a statement indicating the 
individual's characteristic ways of per- 
ceiving his interactions with persons 
of the opposite sex. 

Here it is meant that there are 
relatively enduring patterns of sexually 
differentiated expectations, largely out 
of awareness, which a person carries 
into his interpersonal interactions, and 
that we must specify the nature of 
these expectations for each sex re- 
spectively. If, for example, we know 
that a male characteristically sees his 
interactions with other males as being 
quite sexual in nature—that is, if he 
sees himself as appropriate for the 
sexual attentions of other males and 
sees other males as appropriate for 
his sexual attentions—this does not 
necessarily mean that, conversely, he 
will see females as inappropriate for 
sexual interaction. We need to know 
sexual identity in relation to whom. 

In the present formulations, the 
emphasis will be on that part of the 
personality which the writer has called 
psychomodal sexual identity. The theo- 
retical proposals will apply mainly to 
individual interactions and more or 
less exclude the contributing factors 
on the biological or broader sociolog- 
ical levels? Further limitations will 
be that this formulation will deal with 
“normal” rather than pathological or 
deviant trends in psychomodal sexual 
growth, and that idiosyncratic aspects 
of sexual identity will be excluded from 
our present concern. 


2Margaret Mead, in Male and Female 
(1949), gives careful attention to the effects 
of sociocultural influences upon sexual iden- 
tity. Family group influences are evaluated 
by Talcott Parsons and Robert Bales in 
Family: Socialization and Interaction Proc- 
ess (1955). 
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Tueory or SEXUAL IDENTITY 


The following postulates are ad- 
vanced as the preliminary statements 
of a theory of the origins of psycholog- 
ical sexual identity. Admittedly, they 
are speculative, but it is hoped that 
they will prove useful in describing and 
possibly in understanding sexual iden- 
tity. 

Postulate 1. The sex drive in hw 
mans derives originally from biophys- 
ical phenomena which the individual 
is equipped to experience. 

By this is meant simply that sex 
need originally occurs in tissues re 
lated to sexual functions and spurs 
the individual to action. This “spur- 
ring” has as its goal the reduction of 
tension and satisfaction of the need. 
The resulting behavior may or may not 
accomplish this goal. 

Postulate 2. In humans, reduction 
of tension and resultant satisfaction 
of the sexual need may normally be 
accomplished in a variety of ways. 

Here it is assumed that there are, 
to all practical purposes, neither specific 
sexual actions (motor response pat- 
terns) nor specific sexual objects 
(perceptual response patterns) that in 
any organically predetermined way be- 
come part of the response repertory 
of the developing human. Remote 
biological cues, though they undoubt- 
edly exist in humans, seem to be 
little consequence in the discrimina- 
tion of persons appropriate for se 
interaction, and in the acquisition 
ways of achieving sexual satisfaction. 

Postulate 3. Patterns of perceptual 
and motor response which are ap- 
propriate for satisfaction of the se 
need, and which are appropriate for 
psychomodal sexual identity, come t0 
exist in the individual through the proc- 
ess of learning, 

This theory of the processes involved 
in the determination of the psycholog- _ 
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ical aspects of sexual identity assumes 
the occurrence of relatively enduring 
modification of the individual as a 
result of experience, and that this 
modification determines both the man- 
ner in which sexual satisfaction is 
achieved and the nature of psychomodal 
sexual identity. 

At this point we shall have to 
abandon the topic of sexual satisfac- 
tion. The variety of sexually satisfying 
behavior which has been demonstrated 
to exist among apparently normal 
persons suggests that such sexual be- 
havior and sexual identity are not 
closely interdependent. A discussion 
of sexual satisfaction is apart from our 
present aims and its inclusion would 
clutter our view of sexual identity. 

Postulate 4. Psychomodal sexual 
identity is acquired as a result of inter- 
personal interaction. 

The ability to respond to oneself 
as an object appropriate for sexually 
differentiated response from others and 
the ability to respond to others dif- 
ferentially as to sex are acquired as a 
direct result of having experienced the 
response made to one, by at least one 
other individual. 

Postulate 5. The earliest and the 
most important elements which are 
part of the unique self are those which 
derive out of the modalities of male- 
ness and femaleness. 

Aside from the facts that it is living, 
human, and helpless, the next most 
important observation that parents can 
make about an infant that will give 
them a basis for meaningful response 
to it, is that it is either male or 
female. Maleness-femaleness is the 
nearest thing to a dichotomy that man 
can discern in animate nature—and 
dichotomies are so satisfying. 

When a child is born, parents are 
quick to reify its sex by adding mean- 
ing to the clues nature has provided. 
Colors, clothing, toys, and name are 


kept appropriate to the child's sex. 
The one universal set of differential 
expectations which parents bring to 
the parent-child interaction is that 
which is based upon the sexual di- 
For a child, this differential 
coloring of parental response provides 
the first major data for approximating 
his position as a unique p 

It is evident to him that there is some- 
thing that is uniquely his that is 
consistently influencing the responses 
others make to him. 

It would seem that if we could de- 
scribe the character of the parents’ 
interpretation of the sexual dichotomy 
to the child, we would be far better able 
to predict that child's future sexual 
identity. Perhaps we would also do a 
better job of predicting the nature of 
many of his interpersonal interactions, 
both sexual and otherwise. We would 
hope to know what is the meaning of 
maleness to him, and what is the mean- 
ing of femaleness, for it is into this 
framework that new human experi- 
ences are related such that the indi- 
vidual comes to have characteristic 
ways of seeing and of responding to 
others. Humans never simply interact; 
they interact with males and with fe- 
males. 


SEXUAL INTERACTION 


Before going further, some defini- 
tions will be helpful. As used here, 
sexual interaction refers to those inter- 
actions in which maleness-femaleness is 
of central importance in shaping the 
interaction. In daily interpersonal re- 
lations, frequently the initial phase is 
largely a sexual interaction, and there- 
after such interactions may reappear 
in momentary or prolonged fashion. 

The term sexual interaction is a 
broad one. It subsumes many intricate 
behaviors, including those in which 

physical sexual need is satisfied. In 
the following discussion, however, the 
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emphasis will be: on “social” sexual 
interactions which, although potentially 
capable of it, do not ordinarily lead to 
physical sexual satisfaction. Oppor- 
tunities for sexual interaction can occur 
most readily around emotional or phys- 
ical experiences, and thus they may be 
found coincident with such child tend- 
ing activities as feeding, bathing, elim- 
ination, punishment, and play. 

Although it can be said that all 
interpersonal experiences of a newborn 
infant are in a vague sense sexual inter- 
actions, there may be no male-female 
differentiation to them. At first he 
is not aware of the differentiation in 
the responses others make to him, nor 
does he respond in any sexually selec- 
tive manner. At that time there is 
merely an unselective sexual-emotional 
approach response on his part. With 
time, however, the character of these 
interactions may become differentiated 
into two general classes: prosexual 
perceptual response patterns and anti- 
sexual perceptual response patterns. 

By prosexual perceptual response is 
meant the characteristic perception of 
certain interpersonal situations as ap- 
propriate for sexual approach behavior. 

By antisexual perceptual response 
is meant the characteristic perception 
of certain interpersonal situations as 
appropriate for sexual avoidance be- 
havior. The term antisexual implies 
more than a mere lack of sexual ap- 
proach quality in a person’s relations 
with others—it implies the presence 
of perceptual operations which func- 
tion to counteract or avoid sexual 
approach responses which survive from 
the earlier undifferentiated sexual- 
emotional approach phase. Much but 
not all antisexual response will take 
the form of what is presently called 
hostility. In many instances, however, 
restrained interaction and “pseudo- 
hostile” responses denote the presence 
of antisexuality. 
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In addition to these two classes, it 
is expedient to mention a third: the 
confused perceptual response pattern. 
This will be used to refer to a person 
whose sexual interactions with others 
are characterized by ambiguity. 


THE NATURE or APPROPRIATE 
SEXUAL IDENTITY 


The view of sexual interaction just 
presented provides a sexual approach 
pattern, a sexual avoidance pattern, and 
a sexual approach-avoidance conflict 
pattern. Prosexual perceptual response 
is appropriate with biomodally opposite 
sex individuals, whereas antisexuality 
is appropriate with biomodally same 
sex individuals. This is the sexual 
paradigm of nature. 

Postulate 6. It is a basic necessary 
(but not sufficient) condition for ap- 
propriate psychomodal sexual identity 
that a person must bring to his inter- 
actions with the biomodally opposite 
sex the expectation that there should 
be something prosexual in the nature 
of these interactions. 

Postulate 7, Conversely from Postu- 
late 6 and also necessary (but not 
sufficient) for appropriate psychomodal 
sexual identity: a person must bring 
to his interactions with the biomodally 
same sex the expectation that there 
should be something antisexual in the 
nature of these interactions. 

The expectations mentioned in these 
postulates exist universally in human 
society as the general rule. Although 
they are necessary, taken individually, 
neither is sufficient for appropriate 
sexual identity. Also, in some cultures 
it is the males that must be aggressive, 
while in others it is the females—but 
these are aspects of the sexual socio- 
mode. Sociomodal characteristics may 
vary greatly from time to time and 
place to place; however, our assumed 
universal expectations should prevail. 
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As a corollary to Postulates 6 and 7 
we may say that, to the degree that 
there is lack or disturbance of the 
expectations stated under Postulates 
6 and 7, there will be inappropriate 
psychomodal sexual identity. Such 
difficulty could be due to either failure 
to acquire appropriate expectations or 
to the acquisition of expectations which 
are at a variance with what is ap- 
propriate, 

In order for a male, for example, 
to possess adequate psychomodal sex- 
ual identity, he must perceive biomod- 
ally female persons as potentially con- 
ducive to the satisfaction of certain 
needs which are predominantly sexual 
in nature. He should also view fe- 
males as persons who expect of him 
the very kind of expectations which he 
brings to interactions with them. Ad- 
equate psychomodal sexual identity 
implies the seeing of oneself as having 
prosexual valence for opposite sex 
persons and no such valence for same 
sex persons, and it implies the seeing 
of opposite sex persons as having pro- 
sexual valence for oneself, and same 
sex persons as not having such a 
valence. 


THE ORIGIN OF PsyCHOMODAL 
SEXUAL IDENTITY 


Base in Personality Theory 


How does an individual acquire the 
expectations of appropriate psycho- 
modal sexual identity? In order to 
answer this question, we must first 
establish a base in personality theory 
which will integrate with what we 
know about social behavior. The abil- 
ity to respond to oneself as male or 
as female should come about by the 
same basic processes by which one 
comes to have identity in the more 
general sense of becoming a person- 
ality, coming to have a “self.” 

The theoretical assumption which 


we shall accept, and which is basic 
to much of what follows, is that a 
human comes to have a self—to experi- 
ence personal identity—only through 
interpersonal intercommunication, and 
by learning to call out in himself the 
same meanings which he calls out in 
others, through the use of symbols, 
gestures, and other means of com- 
munication, both conscious and un- 
conscious. We incorporate into our 
own newly forming personality’ pat- 
tern the meanings inherent in the com- 
munications of those around us, coming 
to see ourselves as others see us. Thus 
the “self” is largely a social product, 
dependent upon the process of com- 
munication for its development. Much 
that is called personality can be viewed 
as a result of the meanings and ex- 
pectations others bring to their inter- 
actions with us. Much of personality, 
then, is a result of “perceptual con- 
forming.” * 

Postulate 8. Psychomodal sexual 
identity comes about as a result of a 
process by which the child comes to 
perceive and respond to itself as it is 
first perceived and responded to by the 
significant figures in its early life.* 

This is the postulate that is basic to 
our theory, and it will bear elaboration. 
Calling on the previous postulates, it 
is possible to assert more clearly that 
it is not the child who brings to the 
parent-child interactions the com- 
plex of values and expectations related 


8The theoretical views presented here 
are somewhat similar to those of H. S. 
Sullivan (1953), C. H. Cooley (1922), 
A. N. Whitehead (1929), and particularly 
G. H. Mead (1934). 

4Here and elsewhere in this paper, the 
term “significant figures” is intended to in- 
clude persons who are sufficiently close to 
the child for long enough time to be con- 
sidered parental equivalents; and other, 
usually older, persons who, although they 
do not take the place of parents, are never- 
theless present for sustained interaction. 
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to sexuality. Neither is the child able 
to identify the sex of parent figures, 
much less to respond to them differ- 
entially as to sex. Another way of 
stating this postulate would be to say 
that the parent “projects” psychomodal 
sexual identity into the child—the male 
parent projecting maleness into male 
children and femaleness into female 
children, and the female parent pro- 
jecting femaleness into female children 
and maleness into male children. In 
addition, the parent will contribute 
something of his own by projecting 
distortions, personalized interpreta- 
tions, and other unique perceptions 
which have become part of his con- 
ception of what is appropriate for male 
with male, male with female, or female 
with female interaction. These parental 
perceptual response patterns occur 
largely outside of awareness. 

From the first time a mother looks 
at her male baby she knows that he 
is male and her responses will, in many 
subtle ways, communicate to him that 
this is how she sees him. The tone 
of her voice, the way in which she 
handles him, the special prolonged 
interest in his developing genitalia, and 
countless other responses communicate 
to the male child that his mother is 
interested in him in a special sort of 
way. Later he will learn that she is 
interested in him as she is interested 
in others who are like him in one very 
important manner—they are biomod- 
ally male. 

A mother brings to her male child 
all the complex of sexual responses 
which she has learned. The child in 
turn responds to the mother in a very 
free, emotionally uninhibited manner. 
The child may bring some “instinctual” 
sexual response to the parent-child 
relationship, but the parent brings a 
prosexual interest which has heen re- 
peatedly frustrated and heightened by 
social values, taboos, and other socially 
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contributed sex values which have not 
yet affected the child. 

As a male child matures, he is 
responded to by others, some of whom 
are similar to mother and some of 
whom are different and respond to 
him differently. From the ones similar 
to mother, he gets recurring patterns 
of response that are, in many important 
ways, like that of the mother. From 
a different sort of figure in his hazy 
little world, he begins to get response 
patterns which are very unlike those 
of the mother. From these, the males, 
he gets responses which, in some vague 
way, tell him that he is one who will 
be in competition with them—that they 
view him as inappropriate for the kind 
of emotional treatment that the mother 
provides. Thus it is that the male 
child learns the expectations which the 
two major classes of adult figures have 
for him. He learns to expect of 
mother, and thereafter of other fe- 
males: a flirtatiousness, a seductivity, 
a teasing sort of approach and with- 
drawal that says in unspoken language 
that prosexual interaction is appro- 
priate here. He learns to expect of 
father, and thereafter of other males: 
a rivalry, a measure of hostility, a 
curtailment of mutual emotional inter- 
action that lets him know that some- 
thing almost the opposite of prosexual 
interaction is appropriate here. 

The generalizations which have been 
made in the above discussion are very 
useful ones for a child to make and 
are necessary for our purposes in eX 
planation. It might appear that when 
the parental role requires discipline, 
control, and maintenance of the incest 
taboo, it tends to contradict these 
generalizations. In keeping with the 
present approach, even physical dis- 
cipline is normally accomplished dif- 
ferentially in relation to sexual identity. 
and it may even provide an especially 
fine opportunity for differential pare?” 
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tal response—either during or follow- 
ing a disciplinary interaction. 

The incest taboo may be maintained 
by the setting of limits beyond which 
prosexual interactions may not go. 
By gentle rebuffing, a normal mother 
may tell her son that intense prosexual 
interaction is not appropriate now and 
with her, without irrevocably damaging 
his prosexual expectations concerning 
females. 

For a female child, there is little 
difference in the way sexual meaning 
is conveyed. In the case of a daughter, 
it is the father who responds seduc- 
tively. The mother lets her daughter 
know that prosexual interaction is in- 
appropriate between females and that 
she views the daughter as a miniature 
rival for the attentions of males. 

The fact that the female child is at 
first intimately associated with the 
mother in a need satisfying relation- 
ship does not seem to pose a serious 
problem. for her psychomodal sexual 
identity. From the very first, the mother 
has been aware that this is a little fe- 
male and that prosexual interest in her 
is inappropriate. Also, this little fe- 
male is physically similar to the mother, 
and therefore not likely to call forth 
the special interest in the sexual ap- 
paratus and sexual function that the 
mother has for a male child. Despite 
the fact that the mother is satisfying 
certain of the daughter’s needs, she 
is able to make it clear that there is 
little that is prosexual in this relation- 
ship. It is just that discrimination of 
the sexually seductive ones may come 
later for the female than for the male 
child, depending upon how early a 
father begins to engage in close inter- 
action with a daughter. 

Perhaps it will serve the purpose of 
clarity and emphasis to point out two 
implications which arise in relation to 
Postulates 6, 7, and 8. 
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I. A'certain optimum of seductive 
behavior on the part of the opposite sex 
parent in interaction with the child is 
necessary for appropriate psychomodal 
sexual identity to occur. 

Il. A certain optimum of hostile 
and rivalrous behavior on the part 
of the parent of the same sex in inter- 
action with the child is necessary for 
appropriate psychomodal sexual iden- 
tity to occur. 


VARIATION IN PsyCHOMODAL 
SEXUAL IDENTITY 


Psychomodal sexual identity can 
vary from what is biomodally ap- 
propriate as a result of several con- 
ditions: insufficient contact with a 
parent or parents whose psychomodal 
sexual identity is appropriate; phys- 
ically the child fails to call out dif- 
ferential parental response ; and contact 
with a parent or parents whose psy- 
chomodal identity is in some manner 
inappropriate. 

The first condition could come about 
if a parent is absent either physically 
or psychologically from the family 
scene. 

It is important to note here that 
our theoretical plan allows for the 
total absence—physical or psycholog- 
ical—of one parent without disturbing 
the child’s psychomodal identity, pro- 
vided there is one appropriately iden- 
tified parent with whom the child 
experiences close interaction. One 
parent may supply sufficient differen- 
tial response to the child for appro- 
priate identity to occur. Even in a 
father’s absence, an appropriately iden- 
tified mother will respond to a boy “as 
if” he were a male and will expect him 
to treat her as a male would treat a 
female. When she and her son are 
together in the presence of other males 
she will expect of him some com- 
petition, hostility, and lack of sexuality 
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in his relations with the othér males 
regardless of their ages. Her inter- 
pretative approval or disapproval of 
his play with other male children at 
home, or of inciderits he recounts from 
peer relations when not at home, also 
serve to let him know what she expects 
of male with male interactions. Thus, 
a child may learn appropriate identity 
in sexual psychomode in the absence 
of a parent like himself. 

Most other theory in sexual identity 
differs from this approach in that it 
conceives that a child comes to “be” 
sexually as a result of identification 
with the parent of the same sex, and 
if this relation is disturbed or lacking, 
then psychological sexual identity is 
weakened or blocked. The term “iden- 
tification” used in that manner requires 
the presence of a model after whom 
the child can pattern his behavior. Be- 
havior in imitation of a model is im- 
portant ; however, its main contribution 
to sexual identity seems to be in the 
acquisition of appropriate identity in 
sextial sociomode. 

The second condition, that of lack of 
sexual stimulus value on the part of 
the child, can result from such bio- 
modal factors as lack of physical vigor, 
gross deviation in physiognomy, or in- 
capacitation of the child due to mental 
or physical factors. It is possible for 
only one or for both parents to be 
affected by conditions such as these. 

Although lack of sexual stimulus 
value on the part of the child can 
cause difficulties in sexual identity, the 
presence of too intense sexual stimuli 
emanating from the child, or projected 
into the child, can be just as detri- 
mental to sexual adjustment. This 
situation might result in “over-iden- 
tity” as a sexual being. 

The third condition which can result 
in inappropriate psychomodal sexual 
identity—contact with a parent whose 
identity is inappropriate—can best be 
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understood by examining the possible 
combinations of parental response and 
by describing the resulting types of 
psychomodal sexual identity. We shall 
assume that, in the following descrip- 
tions, there are no unusual biomodal 
or sociomodal circumstances which 
could influence sexual identity. 


Examples of Psychomodal Sexual 
Identity 


By using the three general classes 
of sexual perceptual response, we may 
hypothesize nine characteristic pat- 
terns of parental response, and thus 
nine types of psychomodal sexual iden- 
tity in relation to male and female 
figures. Table 1 illustrates the possible 
types of male identity. The letters P, 
A, and C designate prosexual, antisex- 
ual, and confused perceptual response, 
either from the parent or to another 
figure. A Type I male, for example, 
is provided by his father with anti- 
sexual (A) expectations which he 
carries into interaction with other male 
figures. His mother provides him 
with prosexual (P) expectations con- 
cerning interactions with females. 

The variety of male identities that 
can occur range from the most appro- 
priate—that in which sexual biomode 
and psychomode are parallel (Type 
I)—to the least appropriate—that in 
which psychomodal sexual identity 18 
inverted in relation to biomode (Type 
IX). In the latter case we may hy- 
pothesize the true psychomodal invert, 
and, because approach-avoidance con- 
fusion is absent, this type may char- 
acterize the rare psychologically “ad- 
justed” homosexual. 

Between these two types we may 
hypothesize others in which there E 
bilateral prosexuality, bilateral anti- 
sexuality, bilateral confusion, or some 
combination involving confusion. 
male of Type II, for example, woul 
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have appropriate identity in relation 
to males, but would experience con- 
fusion in relation to females. He may 
be at ease in interaction with males 
but quite anxious in interaction with 
females. The kind of maleness he 
possesses is different from that found 
in Type III, but the degree of inap- 
propriateness is similar. 

Types of resultant feminine identity 
may be described similarly; however, 
the relations involved would be re- 
versed, 

The examples illustrated suggest that 
a number of predictions are possible, 
provided we are able to describe the 
psychomodal sexual identity of the 
parents. Postdiction of parental iden- 
tity may be possible if we can determine 
the character of a person’s perceptual 
responses to male and female figures. 

Contact with others who are psy- 
chomodally unlike the parents may 
decrease the accuracy of predictions 
somewhat. However, it seems reason- 
able to assume that the early years of 
close interaction with parent figures 
largely determine the expectations of 


sexual psychomode and that these ex- - 


pectations dictate the selection of per- 
sons for close interaction. Peers who 
are very divergent in psychomodal 
expectations probably exclude each 
other from close interactions because 
such interaction would be chaotic or 
threatening. 

It should be clear that the types of 
identity we have illustrated do not 
describe degrees of “homosexuality” — 
they refer to inner psychological sex- 
ual identity only. Overt homosexual 
sex experience does not imply inappro- 
priate psychomodal sexual identity any 
more than overt heterosexual sex ex- 
perience implies appropriate identity. 

In the theoretical description pre- 
sented in this paper, one can see a 


175 


TABLE 1 


EXAMPLES OF MALE IDENTITY IN 
SEXUAL PsYCHOMODE 


ust Tye of Identity 

inseracting jy u|u v| v vı | vir] [vu [1x 
Male AJA|CIA/P|C/C] PJP 
Female ol lass ott bain Pail fa A C jA 


rather different approach to under- 
standing sexual inversion than that 
proposed by psychoanalytic theory, and 
it is believed a more predictive one. 
Fenichel (1945) says of homosexuality, 
“The homosexual man identifies him- 
self with his frustrating mother in one 
particular respect: like her he loves 
men” (p. 331). In keeping with the 
present approach, it is proposed that 
the mother of such an inverted male 
might not love men and might com- 
municate to her son that prosexual 
interaction with females is inappro- 
priate. 

More recently, Erikson (1950) has 
indicated an orientation which again 
reflects a prominent difference. Erik- 
son states that the “utopia” of develop- 
mental stages, “in a woman, is that 
ability to partake in and identify with 
the male’s procreative role, which 
makes woman an understanding com- 
panion and a firm guide of sons” (pp. 
88-89). The present theory suggests 
that the understanding companionship 
and firm guidance of sons should be a 
paternal contribution and that a mother 
such as Erikson proposes could easily 
supply the son with inappropriate ex- 
pectations regarding women.® 


5 Marked differences between the present _ 
approach and that of psychoanalytic theory 
will be discussed fully in a subsequent 
publication, and the theory will be extended 
and applied to problems of hostility and 


guilt. 
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Biomopr AND Sociomope 

Any of the “types” of psycho- 
modal sexual identity mentioned can 
occur in relation to any combination 
of biomodal and sociomodal identity. 
For example, a woman may be em- 
ployed in a profession where “man- 
nish” behavior and dress are desirable, 
if not necessary. Despite this inap- 
propriate sociomodal sexual identity, 
she may still be quite feminine psy- 
chologically, in sexual psychomode, 
and physically, in sexual biomode. In 
like manner, many biomodally deviant 
males may possess appropriate socio- 
modal and psychomodal sexual identity. 

We may speculate that the three sex- 
ual modes occasionally interact so as 
to modify one another. A male who 
deviates greatly from appropriate bio- 
mode and sociomode, whatever the 
causes, may with time come to develop 
inappropriate psychomodal identity. 
Also, a male who is deviant in psy- 
chomode and sociomode may with time 
develop deviations in sexual biomode, 
such as alteration in endocrine function 
and the accompanying changes in 
secondary sex characteristics. 


APPLICATIONS 


It is beyond the scope of the present 
paper to make extensive suggestions 
as to how the theory may be applied; 
however, several applications and im- 
plications deserve mention. 

The present approach may provide 
for earlier and more accurate diagnosis 
of disturbance in psychomodal sexual 
identity. Conventional projective tests 
might be used in such diagnosis, or 
special instruments may be devised to 
measure a child’s characteristic per- 
ception of males and of females. 

Once the nature and degree of in- 
appropriateness are determined, it may 
be possible to provide corrective ex- 
perience so as to bring about reorgan- 
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ization of perceptual response to self 
and to others. An implication here 
is that, in therapy of problems of sex- 
ual identity, the kind of psychomodal 
identity possessed by the therapist may 
be a more important factor than what 
is talked about or how much “insight” 
is gained. 

Along lines of psychopathology, one 
might examine the possible relation of 
certain disorders to certain kinds of 
psychomodal sexual identity. 


SUMMARY 


In this paper an attempt has been 
made to construct a theoretical formu- 
lation which will be helpful in under- 
standing and describing the nature and 
origins of sexual identity. The ap- 
proach taken is an interactional and 
interpersonal one. 

In the beginning it was indicated 
that sexual identity can best be under- 
stood if it is analyzed into three major 
components: the serual biomode, the 
Sexual sociomode, and the sexual psy- 
chomode. 

It was asserted that to be a person, 
to have a self, implies the presence of 
maleness or femaleness—perhaps even 
depends upon it. 

A person's inner or psychomodal 
sexual identity is held to come about 
as a result of a person’s learning to 
call out in himself the same response 
that he calls out in the significant other 
persons in his early life. Because of 
the sexual dichotomy, he calls out either 
prosexual or antisexual responses in 
each parental figure. 

Emphasis was placed upon the part _ 
that both parental figures play in rè- 
sponding differentially to the child in 
terms of sexual identity. The child 
then carries this differential of expecta- 
tion into his interactions with others 
in later life. 

It was indicated that different kinds 


nature 
of a person's sexual identity in relation 
to males and in relation to 
separately. 
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THAT CONFOUNDED SYSTEM PERFORMANCE 
MEASURE—A DEMONSTRATION 
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Human-operated aircraft, ships, con- 
trol centers, and many other operator- 
controlled military and commercial de- 
vices are examples of man-machine 
systems. So, also, are many laboratory 
psychomotor tests where men aim, 
track, toss balls, throw darts, or oper- 
ate with some other type of physical 
equipment to achieve performance 
scores. 

Engineering psychologists and others 
are becoming increasingly interested in 
system performance per se. This in- 
terest has, in part, arisen from the fre- 
quent need to evaluate man-machine 
systems with a view to making them 
more effective, either through better 
selection and training of the operators 
or as a result of design modifications 
of the nonhuman portions of the sys- 
tem. The practical involvement of psy- 
chologists with systems has also led 
some of them to a concern with sys- 
tems theory as, more or less, distinct 
from psychological theory. Both of 
these interests have brought about the 
development and use of criteria which 
reflect the performance of the total 
system in contrast with that of the 
individual components. Such measures 
are proving to be most valuable when 
the over-all man-machine complex is 
the object of study. 

However, system performance is 
sometimes also used as a direct meas- 
ure of the behavior of the man himself. 
For example, it is a common practice 
to assess the performance of a human 
tracker in terms of tracking scores, 
which are sensitive not only to the 
subject’s behavior, but to that of all 
other portions of the system as well, 


Likewise, the number of hits made on 
a target are often taken as the sub- 
ject’s score, although such a measure 
reflects the physical and dynamic prop- 
erties of whatever is thrown or fired 
and any other equipment used in the 
process. 

When a system measure is used de- 
liberately as an index of human per- 
formance with full knowledge of the 
extent to which the dependent variable 
is confounded, the practice is certainly 
justified. Psychologists are, by no 
means, strangers to complex variables, 
nor are they unaware of means of deal- 
ing with them. However, a danger 
does exist that in some circumstances 
the confounding will not be recognized 
or, when noted, that the extent to 
which the confounding can distort re- 
sults will not be appreciated. For this 
reason, it was felt that a demonstration 
might be in order to illustrate just 
how deceptive it could be to infer the 
behavioral properties of any one com- 
ponent—human or mechanical—from 
the performance of the total system. 

An analogue computer study was, 
therefore, run off by the authors in 
which the tracking performance of 
three “man’-machine systems was com- 
pared, using an amplifier—and always 
the same amplifier—in the place of the 
man. The choice of this particular 
electronic component to replace the 
human was dictated entirely by con- 
venience and not by any idea that the 
man was, in fact, an amplifier or that 
he would necessarily act like one in the 
systems simulated in the computer 
demonstration, Since, in this analogue 
study, the specific behavioral charac- 
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teristics of the human were not a point 
at issue, it was only necessary to chose 
a tracking element, the “behavioral” 
properties of which were completely 
under control. 

The three dynamic configurations 
chosen for comparison were selected 
because they could all be stabilized by 
a simple amplifier, as long as there 
was no time delay present. They con- 
sisted of (a) position control (system 
output always proportional to the out- 
put of the tracking amplifier), (b) 
velocity control (system output veloc- 
ity always proportional to tracking am- 
plifier output), and (c) quickened vel- 
ocity control (same as b, but with the 
gain of the velocity term increased, and 
with the addition that the output of the 
amplifier was fed back and added to 
its input) (Birmingham & Taylor, 
1954). Computer diagrams of the 
three configurations are shown in 
Fig. 1. 

Other than the nature of the dy- 
namic configurations, the only inde- 
pendent variable in the test was the 
gain setting of the amplifier which took 
the place of the man in all three sys- 
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C. QUIGKENED VELOCITY GONTROL 


„Fic. 1. Computer diagram of the three 
Simulated systems (Amplifier M represents 
the robot man), 
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Fic. 2. Performance of the three systems 
as a function of the gain of the “man” 
(Linear ordinate). 


tems. The same eight values of gain, 
composing a geometric series extend- 
ing from 1 to 128, were employed with 
each of the three configurations. The 
tracking input was a 3-cycle per minute 
sine wave. Each system score was 
obtained by integrating the actual 
tracking error over a 30-second run. 

The results of the demonstration are 
shown in Fig. 2. In viewing the 
curves, it is instructive to consider 
them in the context of actual psycho- 
logical experiments. First of all, con- 
sider the data shown in Fig. 2 as hav- 
ing been obtained in a study of motor 
skill learning. To do this, it is only 
necessary to imagine that the three 
curves represent the performance of 
different tracking systems when oper- 
ated by human subjects instead of a 
single robot, and that the values on the 
abscissa represent successive periods of 
practice instead of increasing amplifier 
gain settings. 

Had these results come out of a 
psychological laboratory—and they are 
indeed similar to what is actually ob- 
tained in studies comparing quickened 
with other types of tracking systems 
(Holland & Henson, 1956)—it might 
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well be concluded that the subjects’ 
performance improved most with the 
velocity system, next most with the 
position control device, and least with 
quickening. One might even go fur- 
ther and attribute these results to the 
different degrees of difficulty of the 
tracking tasks with which the subjects 
were confronted. Thus, it might be 
inferred that because the operator's 
task with the quickened system was 
far simpler than with the other two, 
less was learned with quickening be- 
cause there was less fo learn. Finally, 
if one were a learning theorist, the fact 
that the velocity control curve was 
slightly sigmoidal, whereas the others 
were not, might suggest the conclusion 
that the velocity tracking skill differed 
intrinsically from the other two per- 
ceptual-motor performances. 

But the demonstration may be 
viewed in still other contexts. By 
imagining the curves mirror-imaged 
through being plotted with the abscissa 
scale reversed, fatigue or vigilance re- 
sults reminiscent of those reported by 
Garvey (1957) are simulated. Al- 
though Garvey himself did not do so, 
such system error plots might plausibly 
be interpreted as indicating that the 
trackers with the quickened system 
were less fatigued or more vigilant 
than those operating the other systems. 

Or again, reinterpreting the abscissa 
values as degrees or variety of stress, 
one might be tempted to conclude that 
the performance of trackers using posi- 
tion or velocity control was more sub- 
ject to disruption than was that of 
subjects working with a quickened 
system. 

Of course, the point of the study is 
that all such conclusions may be quite 
wrong. The demonstration makes it 
very clear that the behavior of a system 
component in the position often occu- 
pied by a human subject cannot always 

be directly inferred from the perform- 
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ance of the over-all system. In the 
present case, the three very dissimilar 
performance curves all arose from ex- 
actly the same “behavioral” changes in 
the robot man. The amplifier acted in 
the same way in each system. It 
“learned,” “fatigued,” or altered under 
“stress” by exactly the same amount in 
all three dynamic configurations. 

And if such can be true in this dem- 
onstration, it could also occur in the 
psychological laboratory where human 
subjects serve in tracking experiments 
and in other varieties of psychomotor 
tests. If different man-machine sys- 
tems produce different performance 
curves, the latter may be attributable, 
in whole or in part, to dissimilarities 
in the manner in which the systems 
translate and transform the subjects’ 
behavior, rather than to differences in 
the human behavior itself. 

The discrepancy between system 
scores and human behavior which may 
enter when the man operates through 
some kind of a mechanism may arise 
from three causes. First, the dynamics 
introduce an arbitrary scale factor 
which will vary with different dynamic 
configurations. The same behavior on 
the part of a subject may result in a 
system score of 100 with one set of 
dynamics and a score of 200, 1,000, 50, 
or any other value in another system 
arrangement. Second, scale range may 
vary from system to system. In some 
man-machine complexes the sensitivity 
of the system scores to changes in hu- 
man performance will be high; in 
others it will be low—so low, in fact, 
that system performance may be al- 
most completely insensitive to changes 
in the behavior of the operator. 
Finally, the configuration of the system 
may introduce nonlinearities into the 
relationship between the subjects’ be- 
havior and the performance of the 
system. 


These nonlinearities, arising as they 
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do within the dynamic configuration of 
the system, are to be distinguished from 
those intrinsic to certain types of scor- 
ing devices (Bahrick, Fitts, & Briggs, 
1957). Although the latter may pro- 
duce the same distortions as those dis- 
cussed here, it is important to recog- 
nize that the nonlinearities issuing 
from transactions within a system are 
often unavoidable, since they can result 
from combinations of completely linear 
components. In the demonstration de- 
scribed here, for example, all of the 
electronic elements, including the scor- 
ing system, were entirely linear 
throughout the ranges employed. 

The effects of scale factor, scale 
range, and nonlinearity may be seen 
in Fig. 3. This graph is a logarithmic 
plot of the data in Fig. 2. The veloc- 
ity and position curves differ from one 
another chiefly in scale factor, since 
they are nearly identical in range 
(slope) and in the manner in which 
they depart from linearity at the low 
gain end (degree and direction of cur- 
vature). However, the quickened ve- 
locity curve differs from the other two 
in all three ways; all values are much 
lower, the range of scores is much com- 
pressed, especially at the higher gains, 
and nonlinearity between the gain of 
the tracking amplifier and measured 
system error is pronounced and oppo- 
site in inflection to the other two 
curves, 

The conclusion which emerges from 
these considerations is that both cross- 
system and within-system studies are 
hazardous if the object is to use man- 
machine system performance as a psy- 
chological dependent variable. Only if 
the transformations contributed by the 
physical dynamics of the system are 
known and, when necessary, compen- 
sated for in the analysis, can system 
performance be taken as a veridical 
indicant of the behavior of the man. 
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as a function of the gain of the “man” 
(Logarithmic ordinate). 


It is probable that, up to the present, 
criterion artifacts of the type demon- 
strated here have acted chiefly in a 
negative fashion to cause confusion and 


to water down psychological research 
findings, rather than to introduce 


positive misconceptions. Undoubtedly, 
some of the conflicting results of motor 
skill experiments on learning, fatigue, 
vigilance, and response to stress are 
due to the fact that subjects in different 
experiments were encapsulated in sys- 
tems with different scale properties. 
Also, the identification through factor 
analysis of fundamental motor skill 
components is most certainly hampered 
by the necessity of using a hetero- 
geneous collection of what are, actually, 
system scores to assess human per- 
formance. Itis considerably less likely 
that the utilization of system measures 
as indicants of human behavior has yet 
produced a spurious skill factor or 
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many false positive leads in the learn- 
ing, fatigue, or vigilance areas of 
research. 

However, if the type of confounding 
here demonstrated has, in the past, 
acted more in the nature of research 
“noise” rather than to produce “false 
signals,” there is no guarantee that it 
will always continue to do so. When, 
in the future, psychomotor theory be- 
comes sufficiently sophisticated to en- 
tertain more hypotheses containing 
quantitative predictions, precise meas- 
ures will be required and the distor- 
tions of human response trends pro- 
duced by all criterion artifacts may 
become positively and seriously mis- 
leading. Then, it will be most essen- 
tial to appreciate fully the contamina- 
tion inherent in system measures and 
to overcome it in “reading through” 
these measures to the man. 


SUMMARY 


An analogue computer demonstra- 
tion is described wherein the perform- 
ance of three different “man”-machine 
systems are compared, using an ampli- 
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fier in the place of the human subject. 
Although the “behavior” of the robot 
man was made to change in exactly 
the same way in all three system con- 
figurations, the system performance 
curves were all very different. This 
shows clearly that the behavior of a 
system element cannot always be in- 
ferred directly from the performance of 
a system of which the element is a part. 
The reasons for this are analyzed and 
the moral of the demonstration for the 
study of human motor skills is pointed 
out. 
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The ability to reconcile apparently 
contradictory facts is the main claim 
that can be put in urging the adoption 
of a new concept. It has already been 
shown how the concept of “range of 
cue utilization” can account for the 
_ different degrees of continuity of learn- 
~ ing and for the different amounts of 
latent learning that have been observed 
various workers (Bruner, Matter, 
_& Papanek, 1955). The present paper 
will attempt to show that a generaliza- 
tion based on this concept can be used 
to reconcile some of the evidence in 
_ the recurrent controversy (Bindra, 
1955; Duffy, 1948; Leeper, 1948; 
Smith, 1958) concerning emotion and 
_ the organization of behavior. It is 
_ proposed that emotional arousal acts 
consistently to reduce the range of 
cues that an organism uses, and that 
the reduction in range of cue utiliza- 
tion influences action in ways that are 
either organizing or disorganizing, de- 
pending on the behavior concerned, 
Recent interest in the range of cue 
utilization appears to be due to Davis 
(1948), but it was Bahrick, Fitts, and 
Rankin (1952) who brought it under 
_ deliberate experimental scrutiny, and 
perhaps Bartlett (1950, 1951) who 
first used the term “range” in dis- 
t cussing the idea. Tolman (1948) and 
; Bruner, Matter, and Papanek (1955) 
have treated the concept with reference 
to breadth of learning. The latter 
paper provides the most extensive re- 
r4 view of pertinent studies on both rats 
and humans. Callaway and co-workers 
(1953, 1958) and Combs and Taylor 
= (1952) have introduced similar ideas. 
The range of cue utilization is said 
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to have shrunk when the use of periph- 
eral (occasionally or partially relevant) 
cues has been reduced, although the 
use of central and immediately relevant 
cues has been maintained (Bahrick 
et al., 1952; Bursill, 1958; Davis, 1948; 
Easterbrook, 1953). Such a change is 
associated with improvement of central 
performance or with maintenance of 
proficiency under stress. The range 
of cue utilization is said to have fallen 
when the amount of incidental learning 
has been reduced although task learn- 
ing has remained constant or been im- 
proved (Aborn, 1953; Bahrick, 1954; 
Bruner et al., 1955; Johnson, 1952; 
Kohn, 1954; Silverman, 1954; Silver- 
man & Blitz, 1956). In general, the 
range of cue utilization is the total 
number of environmental cues in any 
situation that an organism observes, 
maintains an orientation towards, re- 
sponds to, or associates with a response. 

In each of the experiments alluded 
to in the preceding definition, shrink- 
age or reduction in the range of cue 
utilization was found to have been as- 
sociated with an increase in drive. 
Accordingly, it is an empirically de- 
rived generalization that, when the 
direction of behavior is constant,? in- 
crease in drive is associated with a 
reduction in the range of cue use. This 


1 This condition is required by the facts 
of the defining experiments. Readers of 
conflict theory will note that it restricts 
the discussion to those competitions be- 
tween stimuli which do not produce stable 
equilibria (Miller, 1944). The condition 
does not beg the question unless the term 
“emotion” be construed as what occurs with 
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paper is devoted to the expansion and 
exploration of this generalization. 

The term “drive,” as used in the 
preceding paragraph and throughout 
the paper, refers to a dimension of 
emotional arousal or general covert 
excitement, the innate response to a 
state of biological deprivation or nox- 
ious stimulation, which underlies or 
occurs simultaneously with overt action 
and affects its strength and course. 
This emotional arousal is greater in 
neurotic than in normal subjects, 
greater than usual in subjects under 
stress or threat or in frustration, and 
in general greater in animals that have 
been “motivated” by any of the usual 
deprivations, noxious stimulations, or 
other incentives than it is in un- 
motivated or resting animals of the 
same species. This appears to be es- 
sentially the position Duffy has urged 
(1948), and bears close similarities to 
that Spence and co-workers have 
adopted (e.g., Spence, Farber, & Mc- 
Fann, 1956). 


Drive AND MOTIVATIONAL 
CONCENTRATION 


When improvement of central per- 
formance occurs concomitantly with 
impairment in effectiveness of periph- 
eral response, as in the experiments 
cited to define reduction in the range 
of cue utilization, one may think of 
terms like “concentration,” “focusing,” 
or “sharpening” of action. In each of 
the defining experiments such “con- 
centration” occurred in association 
with increased drive. Thus, in Bruner, 
Matter, and Papanek’s experiment 
(1955), when 36-hr. and 12-hr. food- 
deprived rats were given equal pre- 
training on a problem with correlated 
cues and then trained to use only the 
less obvious of these cues, the hungriest 
animals showed the least benefit from 
the pretraining. They had made fewer 
observing responses and presumedly 
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therefore had made better use of the 
plainest cue for the food reward. John- 
son (1952) had earlier found that the 
amount of latent learning displayed 
depended inversely on the strength of 
(thirst) drive used in the initial train- 
ing period. Cues that were not re- 
quired to gain the reward used in 
pretraining were evidently not used 
by the animals with the greater need 
for that reward. Such concentration 
is usually attributed to motivation, but 
whether the effect of added drive was 
“organizing” or “disturbing” depends 
on whether the initial or the subsequent 
problem is regarded as the task. 

The phenomenon of motivational 
concentration is apparent also in stud- 
ies of human learning (Aborn, 1953; 
Bahrick, 1954; Kohn, 1954; Silver- 
man, 1954; Silverman & Blitz, 1956) 
and of perceptual-motor performance 
(Bahrick et al., 1952; Bursill, 1958; 
Davis, 1948; Easterbrook, 1953). It 
is illustrated nicely by the Bahrick, 
Fitts, and Rankin experiment (1954). 
The central task was continuous track- 
ing. In addition to this task, subjects 
were required to report the occurrence 
of occasional lights on the periphery 
of the display and to respond to the 
occasional deflection of a needle on a 
peripheral dial. Two conditions of 
motivation were used. When motiva- 
tion for the central task was pre- 
sumedly high as a result of the offer 
of bonuses for high tracking scores, 
tracking proficiency was superior to 
that in the low motivation condition 
—a familiar effect. The interesting 
finding was that proficiency at the 
peripheral tasks was inferior under 
high motivation, despite the fact that 
they too were more rewarded. AS 
motivation to do well was increased, 
the range of cue utilization was Te- 
duced to the central, to the exclusion 
of the peripheral, cues. The benefits 
attributable to motivation were ob- 
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tained on the central task at the cost 
of proficiency on the broader (central 
+ peripheral) task. The effect of 
added drive cannot be described un- 
equivocally as either facilitation or dis- 
ruption, but it can certainly be de- 
scribed as a reduction in the range of 
cue utilization. 

An almost identical result has been 
reported by Bursill (1958). In this 
experiment the subjects were required 
to keep one pointer superimposed upon 
another which moved from side to side 
across a dial. The peripheral task 
was to respond (by pressing appro- 
priate keys) to the occasional illumina- 
tion of one of six lights that were 
arranged in a semicircle between ex- 
tremes 80° on either side of the central 
point in the display. Two different 
air temperatures were provided, one 
of 60-70° F. and another of 95-105° F. 
Bursill reports that peripheral signals 
at greater eccentric angles had a higher 
probability of being missed in the 
hotter condition. He describes the 
event as a “funneling” of the field of 
awareness and argues that central at- 
tentional processes are involved in it 
because the phenomenon does not occur 
when the perceptual load on the central 
task is reduced. Here again profi- 
ciency on the narrower task was 
associated with impairment on the 
broader, while the range of cue utiliza- 
tion was reduced. 

Funneling or focusing is the subject 
of hypotheses and investigation by at 
least two other teams of investigators. 
Callaway and co-workers (1953, 1958) 
believe that the attentive field tends to 
become narrower in emotion or under 
the influence of increased activity in 
the brain stem reticular formation. 
One of their experiments will be de- 
scribed below. Combs and Taylor 
(1952) make their similar hypothesis 
more specific. Perception of threat 
to the self is expected to reduce the 


perceptive field to the area of the 
perceived threat. Their experiment 
has conjunctive value for the present 
discussion because it concerns the re- 
lation between range of cue utilization 
(or breadth of perceptive field) and 
proficiency in serial tasks. 
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Combs and Taylor reasoned that 
proficiency in a task like the coding 
subtest of the Terman AA Intelligence 
Scale would be reduced by a reduction 
of the perceptive field. They accord- 
ingly composed lists of neutral and 
“threatening” statements to be encoded, 
the latter including, for example, an 
offensive remark about mother. Both 
errors and coding time were signifi- 
cantly greater for the threatening state- 
ments, and the authors interpreted 
this result as support for their hypo- 
thesis. However, it is not clear why 
proficiency in coding should be im- 
paired by a process that is alleged to 
produce perceptual concentration. 

One possible measure of extent of 
perceptive field is the “range of per- 
ceptual anticipation” which Bartlett 
(1950) has discussed. This range is 
the amount of perceptual material in 
a serial array between the point reached 
by perception and that reached by 
action in a serial -motor 
task. It is reflected in the “receptor- 
effector span,” which is Bartlett's 
general term for the various spans, 
such as eye-hand, ear-hand, eye-voice, 
and others discussed by Woodworth 
(1938) in the context of copy typing, 
telegraphic code reception, oral read- 
ing, and other serial tasks. An illus- 
trative and historic way of measuring 
such spans in oral reading is to inter- 
rupt the display and count the number 
of ensuing words that can be spoken 
(Quantz, 1897). This yields a measure 
of the amount of text between the 
point of “intake” and the point of 
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“output,” expressed in convenient units 
such as words or letters. 

The receptor-effector span certainly 
reflects the extent of utilization of 
task cues. However, it cannot be iden- 
tified with the total range until it is 
clear that no irrelevant cues are being 
employed at the same time. That is 
to say, only when the receptor-effector 
span can be regarded as the maximum 
for a given subject should it be inter- 
preted as an index of the range of cue 
utilization or of the breadth of the 
perceptive field. 

Psychological knowledge about the 
relation between the extent of the re- 
ceptor-effector span and skill began 
to be collected before the present cen- 
tury in pioneer studies into the skills 
of reading (Quantz, 1897), telegraphy, 
and even industrial assembly opera- 
tions (Woodworth, 1938). This work 
suggested that the span varies with the 
size of the response unit, increasing as 
skill progresses from the letter stage, 
for example, to the word stage and 
beyond. Despite its long history, how- 
ever, the determinants and functions 
of the receptor-effector span are still 
known only in a general way. Ac- 
cording to Woodworth’s discussion, it 
bears a direct relationship to the over- 
lap of stages in action, to the size of 
the working unit, and to the skill of 
the worker. Thus it can be regarded 
as an index of the number of relevant 
cues being utilized for overt action 
and for covert preparation of action 
at the same time. 

Woodworth’s inferential analysis of 
the receptor-effector span has been 
largely confirmed in recent experi- 
ments at Cambridge. In a tracing 
task, Poulton (1950) measured the 
reaction times for changes in direction 
of trace after different warning periods. 
He found that if the warning time 
were sufficiently long, the trace could 
be altered smoothly and with no 
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“block” or delay at the end of the 
first section of the trace. The “ad- 
vance” information enabled the sub- 
jects to prepare the new response 
while completing the old. This con- 
clusion was substantiated and extended 
by Leonard (1953). In other experi- 
ments, Poulton has shown the value 
of advance information in gaining pre- 
cision in rapid action (1956), the dis- 
advantage of an overload of advance 
information (1954), and the possible 
relationship between the optimum 
amount of advance information for a 
task and the size of the mnemonically 
convenient unit in that task (1958). 
Reviews of some of this work have 
been presented by both Bartlett (1950, 
1951) and Poulton (1957). It is now 
possible to state that, in general, and 
up to a point determined by the nature 
of the task, the effect of increased 
foreknowledge is that responses can 
be made in larger units so that inter- 
response delay times become covert, 
interresponse junctions are smoothed, 
net speed increases, precision improves, 
and the performance may be generally 
described as better integrated. 

While it is true that proficiency in 
some tasks is fairly closely and directly 
dependent on the extent of the re- 
ceptor-effector span, this is not the 
case for all tasks. On some operations, 
only a small amount of advance in- 
formation need be used for the prepara- 
tion of adequate response, and ad- 
ditional foreknowledge or forecast is 
a handicap (Gottsdanker, 1956; Poul- 
ton, 1954). In such operations the 
number of task-relevant cues which 
can be usefully employed is likely to 
leave some of the subject’s capacity 
unused. Such surplus capacity is ac- 
cordingly available for response to if- 
relevant cues. Presumedly the task 
of continuous tracking in the experi- 
ment by Bahrick and co-workers, of 
in that by Bursill, was one of this type 
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Tasks can be classified according to 
the complexity of the response they 
demand and the amount of advance 
information required for the prepara- 
tion of this response. The least de- 
manding tasks are those which require 
relatively little time and information 
for the adequate preparation of com- 
ponent responses. Long receptor-ef- 
fector spans or large ranges of cue 
utilization yield no benefit and may 
even handicap performance. At the 
other extreme are tasks on which pro- 
ficiency is recognized by the complexity 
of the response made. These most 
demanding tasks are nonrepetitive 
serial operations on which the most 
complex responses are the most highly 
rewarded. An example is the task of 
tracing complex mazes such as those 
in Porteus’ series of tests (1956). 
Between these two extremes are many 
other tasks in which excellent per- 
formance demands varying amounts of 
time and information for the prepara- 
tion of adequate responses. These 
tasks differ both in the length of the 
necessary receptor-effector span and 
in the degree to which this necessary 
span occupies the total capacity of the 
organism. The effect on proficiency 
of reductions in the range of cue 
utilization would depend on the com- 
plexity, according to this scale, of the 
operation studied. 


Cur UTILIZATION AND EMOTIONAL 
DISINTEGRATION 

The benefit of increased receptor- 
effector spans in serial tasks is to 
permit integration of component re- 
sponses. Any degree of skill that de- 
pends on such integration will be re- 
duced—will suffer disintegration—if 
the receptor-effector span is reduced. 
Reversing the gains of integration, 
then, the effect of reducing receptor- 
effector spans ought to be to increase 
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the time required for the task, to 
allow the reappearance of interresponse 
delays (blocks), to destroy the smooth 
junction of elements of action, and in 
general to prevent attainment of the 
prescribed criteria of perfection such 
as proper emphasis in expressive oral 
reading.” Disintegration of this sort 
would be expected to ensue from the 
reduction in range of cue utilization by 
drive on those tasks in which the 
receptor-effector span approximated 
the total range, that is, on the most 
demanding tasks. 

The task of encoding words in psy- 
chological experiments may be re- 
garded as one of the most demanding 
tasks in the sense defined. Profi- 
ciency on it is directly related to the 
degree of integration achieved. The . 
Combs and Taylor prediction can 
therefore be traced through in detail. 
Perception of threat raises drive level, 
reduces the range of cue utilization 
and the receptor-effector span, and so 
upsets the basis of integration. On 
Combs and Taylor's assumption that 
encoding offensive statements provokes 
threat reactions, their finding that such 
expressions were encoded less effi- 
ciently than neutral expressions fur- 
ther buttresses the generalization that 
the range of cue use is reduced in 
emotion. The authors emphasized the 
important point that the threat pro- 
duced was a mild one. 


2 The span is described as a measure of 
range on the assumption that it represents 
a number of response-elements that coexist 
in different stages of development between 
intake of information and output of action, 
and which, in coexisting, facilitate their 
integration and the imposition of form or 
syntax onto response sequences. Lashley’s 
masterful discussion of the problem of serial 
order in action (1951) suggests that im- 
posed form or syntax itself reflects the use 
of additional cues. This assumption per- 
mits the treatment of form, order, and style 
as dependent upon a sufficient range of cue 
utilization. 
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The symptoms of disintegration on 
serial tasks have been reported to be 
more frequent in the performances of 
anxious subjects than control subjects 
in a number of other tasks that can be 
regarded as belonging to the “most 
demanding” category. These are: se- 
rial coding (Cohen, 1952; Katchmar, 
Ross, & Andrews, 1958; Lewinski, 
1945; Payne, in press), paced problem 
solving (Easterbrook, 1953; Kelly, 
1932), visible maze tracing (Foulds, 
1951; Karpeles, 1932; Porteus, 1956), 
tracking with preview (Clarke, 1955; 
Himmelweit, 1947), mirror drawing 
(Beier, 1951; Wechsler & Hartogs, 
1954; Wright, 1954), syntactic speech 
(Kelly, 1932; Luria, 1932), and, of 
course, the Luria association-motor 
task (Clarke, 1955; Luria, 1932). 
Since these effects could be produced 
by reduced receptor-effector spans, it 
may be that they too reflect the re- 
duction in range of cue utilization that 
is expected with emotion. The reading 
difficulties of emotional children may 
indicate the operation of the same 
process, in reverse as it were, the 
higher drive preventing rather than 
destroying the gains of integration 
(Bond & Fendrick, 1936; Carmichael 
& Dearborn, 1948; Graham, 1952). 

The memory span for digits is the 
receptor-effector span for the most 
demanding task that can be performed 
successfully in a series of increasing 
difficulty, when it is measured by the 
method familiar in intelligence testing. 
It is thus a measure of the range of 
cue utilization. If the disintegrated 
performance of emotional subjects on 
serial tasks were due to a reduced 
range of cue utilization as supposed, 
then that effect should be directly de- 
monstrable with this measure. Indeed, 
low scores in tests of “immediate 
memory” span by anxious subjects 
have been reported when anxiety was 
determined by questionnaire (Lucas, 
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1952), induced by social (Lucas, 1952; 
Moldawsky & Moldawsky, 1952) of 
surgical threat (Wright, 1954), of 
chronic as neurosis (Clarke, 1955; 
Cohen, 1952; Lewinski, 1945). Such 
findings are sufficiently consistent to 
be regarded as pathonomic of anxiety 
(Hanfman, 1950; Payne, in press). 
The reduced digit span that has em- 
barrassed psychologists by its persist- 
ently empirical validity as a sign of 
anxiety accordingly finds a rationale 
in the abstraction from learning and 
psychomotor experiments that the 
range of cue utilization is reduced in 
emotion. And its validity supports 
that generalization. 

It is interested to note in passing 
that the modern measure of memory 
span was in fact devised to assess 
“span of prehension,” which appears 
to have been the prebehavioristic equiv- 
alent of the range of cue utilization 
(Jacobs, 1887). Its inventor's ex- 
pressed intention was to measure “the 
power of the mind to take on” as 
distinct from “taking in” information. 


Cur UTILIZATION IN 
PERCEPTUAL TASKS 


When embarking on consideration of 
perceptual skill in a response-oriented 
discussion such as this, it is well to be 
clear about the meaning given to the 
term “cue” in the expression “cue 
utilization.” The writer believes it 
incorrect to speak of perception and 
response as if they were distinct proc- 
esses when it is evident that perception 
is an active event and when the very 
concept of response implies preceding 
perception. The correct unit accord- 
ing to this view is the use of a cue 
A singular cue can be said to have 
been used when a related response has 
occurred. In multicue situations, ĉ 
particular cue can be said to have been 
used if the ensuing response takes # 


which it normally takes when 
cue is present and normally does 
M take in its absence. However, a 
“many-cued display can be treated as 
© a single cue or a number of cues, de- 
p on the distinctions a subject 
‘makes within it. The subject's be- 
havior reflects the number of distinc- 
‘tions made; the more discriminative 
is the behavior, the greater is the num- 
ber of cues that has been used. Except 
by introspection, neither discrimina- 
tive perception nor discriminative re- 
sponse can be alleged to have occurred 
in the absence of evidence of both. 
It has been suggested that the re- 
duction under stress in the range of 
cue utilization represents a shrinkage 
‘of the perceptive field (Bursill, 1958; 
Callaway & Thompson, 1953; Combs 
| & Taylor, 1952; Davis, 1948). If this 
designation is valid, it ought to be 
possible to demonstrate the effect with 
tasks commonly described as percep- 
tual. In fact, Granger (1953) has 
Mentioned nine clinical references to 
restriction of visual fields in anxiety. 
However, it would be expected that, 
in perceptual tasks as in other tasks, 
effect of emotion on proficiency 
Would depend on the number of cues 
needed for adequate performance of 
the task. The deleterious concomi- 
tants of increased drive would be ex- 
pected to appear only when the actual 
Tange of cue utilization fell below that 
Tequired for the task. 
One means of constructing percep- 
tual tasks that will require the use of 
a large number of cues is to reduce the 
definition of the cues normally avail- 
able in relatively easy tasks, to disin- 
tegrate the cues, as it were. This might 
be done by reducing the physical dif- 
ferences between discriminanda, lower- 
ing illumination, reducing exposure 
time, physically cutting out some stim- 
uli with “reduction screens,” and so 
On. In such conditions, relative im- 
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pairment in discriminstion has been 
reported to arise from pre-parachuting 
anxiety (Basowitz, Persky, Korchin, 
& Grinker, 1955) and from threat- 
induced and manifest anxiety (Moffitt 
& Stagner, 1956). The persistent re- 
ports of impaired night vision among 
neurotics (Eysenck, 1948; Eysenck, 
Granger, & Brenglemann, 1957; Gran- 
ger, 1957; Slater & Slater, 1944) 
may also signify a reduction in cue 
utilization due to high drive. The 
somewhat equivocal demonstrations of 
increased stimulus generalization in 
emotion (Eriksen, 1954; Kamin, Bindra, 
Clark, & Waksberg, 1955; Rosenbaum : 
1953, 1954; Spence & Farber, 1954) 
seem to depend upon displays that 
provide indefinite cues and, of course, 
to reflect the principle under discus- 
sion. Broadhurst (1957; in press) has 
reviewed some of the evidence for the 
Yerkes-Dodson law that the optimum 
intensity of (drive) stimulus falls with 
increase in difficulty of discrimina- 
tion—a conclusion originally stated in 
more general terms after an experi- 
ment on the behavior of mice escaping 
from shock through doors that differed 
from blinds in visual bri (Yerkes 
& Dodson, 1908). In all of these 
cases the use of cues was impaired by 
increase in drive. 

Eysenck, Granger, and Brenglemann 
(1957) have reported a series of ex- 
periments on processes and 
mental illness, which culminated in a 
factor analysis. One of the factors 
they extracted showed considerable 

for differentiating between nor- 
mal, neurotic, and psychotic groups 
as clinically defined. Three of the 
four defining tests for this factor were 
and accuracy of 
impoverished dis- 
plays. : (a) speed of 
recognition of content and depth in 
tachistoscopically exposed displays of 
a model human bust and a pair of 
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spectacles, (b) Snellen visual acuity 
(confirming a report by the Slaters, 
1944), and (c) a tachistoscopic letter 
recognition test. Neurotic and psy- 
chotic patients were slower in three- 
dimensional perception, made lower 
acuity scores and lower scores for 
recognizing briefly exposed letters, 
again showing reduced use of the cues 
presented. 

Relative increases in recognition 
duration thresholds with emotion have 
also been reported from experiments 
using pictures and clinical abnormality 
(Davis & Cullen, 1958), neutral and 
taboo words (Postman & Bruner, 
1948), visual form and test anxiety 
(Rockett, 1956), words and previously 
associated electro-shock (Eriksen & 
Browne, 1956; Rosen, 1954), and 
words and previously associated audi- 
tory annoyance (Hochberg & Brooks, 
1958). In these and other cases of 
so-called “perceptual defense,” it is 
presumed that the emotional reaction 
occurred before recognition was com- 
pleted and interfered with the subse- 
quent course of the perceptual process, 
an assumption for which Davies and 
Cullen (1958) have provided some 
evidence. 

Eysenck, Granger, and Brenglemann 
drew particular attention to the fact 
that the duration threshold for per- 
ception of the third dimension was 
among their most discriminative meas- 
ures. It is perhaps not coincidental, 
therefore, that it was for the purpose 
of explaining results attributed to loss 
of distance cues that Callaway and 
Thompson (1953) derived their “nar- 
towed attention” form of the general- 
ization under discussion. When their 
subjects were required to hold one 
foot in a bucket of ice water, they 
overestimated the size of standard 
stimuli, by setting as equal to them 
distant stimuli larger than those se- 
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lected under control conditions. The 
investigators substantiated their belief 
that minimal cues to distance estima- 
tion had been lost by demonstrating 
a breakdown in ability to estimate dis- 
tance under similar conditions. 
Results partially comparable to those 
of Callaway and Thompson were found 
by Singer (1952), with the relative 
distances of variable and standard 
stimuli reversed. Singer’s standard 
stimuli were overestimated under three 
conditions: when meaningful as com- 
pared with meaningless symbols were 
drawn upon them, when the subjects 
were motivated to greater accuracy by 
being instructed to select the variable 
stimulus so that they could bet its 
size was equal to that of the standard 
rather than selecting one which merely 
looked the same, and when the sub- 
jects had been frustrated by fifteen 
minutes work on an insoluable concept- 
formation task with the experimenter 
feigning alarm and despondency at 
their performance. Again, Sanders 
and Pacht (1952) found that their 
neurotic and psychotic subjects made 
larger estimates of the sizes of standard 
stimuli than their normal subjects. Re- 
sults of the kind Callaway and Thomp- 
son set out to explain are not limited 
to their own experiment, though their 
finding that more distant cues tend to 
appear smaller under stress was not 
borne out by Singer’s work. It seems 
to be more generally true that the 
target stimulus, the one to be matched, 
becomes phenomenally larger in some 
circumstances, A 
Klein (1957) found that errors 
estimation of the sizes of experimental 
stimuli were increased in groups ° 
thirsty as compared with control sub- 
jects. This result was independent 0 
whether the stimuli bore need-related 
or need-neutral symbols. However, ™ 
contrast to the results mentioned abov® 
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Klein found that some of the greater 
errors of his high drive subjects were 
underestimates. 

Klein’s results make it clear that 
if there is a common phenomenon 
associated with increased drive in the 
size-matching experiments cited, then 
that phenomenon is simply a change 
from normal in the apparent relative 
size of the stimuli being compared. 
This is, in fact, the sort of phenomenon 
which the Callaway and Thompson 
notion of narrowed attention under 
stress is prepared to explain. The 
emotional restriction of the attentive 
field would be supposed to operate in 
somewhat the way that a reduction 
screen operates in upsetting constancy 
effects (although it would not neces- 
sarily produce the identical changes in 
perception, because the percept would 
depend on the cues still employed). 

According to Jenkins (1957), who 
has written a comprehensive review on 
the matter, the evidence supports the 
belief that the size of valued objects is 
accentuated in perception, particularly 
when there is some degree of ambiguity 
or equivocality in the display. Con- 
ceivably, a necessary condition for the 
appearance of this phenomenon is a 
harrowing of attention, the emotional 
component being contributed in the 
evaluative response of the subject. Of 
course, a second factor would be needed 
to explain why a reduction in the use 
of some cues sometimes results in 
accentuation of the valued object. It 
will be remembered that Singer (1952) 
found that stimuli bearing meaningful 
Symbols were accentuated in percep- 
tion and that this effect was exagger- 
ated by motivating instructions or 
frustration. Thus the meaningful char- 
acter of the valued object as a stimulus 
may contribute to the enhancement 
Process, Perhaps it serves to arrest 
the narrowed attention, rendering the 
attended cue central and reducing the 


191 


comparison stimuli to the role of 
“ground.” In this connection, refer- 
ence must be made to the report by 
Dukes and Bevan (1952) on the judg- 
ment by children of the weight of jars 
containing candy and jars containing 
sand and sawdust. These writers found 
accentuation effects and reported that 
the accentuation effects were coupled 
with decreased variability of response. 

A final type of change in perceptual 
performance with increased drive is 
the greater recognition speed that is 
sometimes described as perceptual sen- 
sitization. An instance of this kind 
of effect is given by Engler and Free- 
man (1956), who studied the effects 
on visual recognition duration thresh- 
olds of instructional set and question- 
naire-assessed anxiety. In the absence 
of special instructions about the types 
of word stimuli to expect, the high 
“drive” subjects achieved lower dura- 
tion thresholds than did the low “drive” 
subjects. When this information was 
provided, it lowered the thresholds of 
the low drive subjects only. Drive ap- 
parently operated in lieu of set, facil- 
itating the recognition response. The 
functional equivalence of drive and 
set in this experiment supports the 
interpretation that drive increment here 
produced effects analogous to the con- 
centration or focusing phenomena de- 
scribed earlier. 

The literature on the effects of drive 
on perceptual proficiency is wide and 
apparently contradictory. As the ex- 
amples cited have indicated, drive 
increment sometimes facilitates and 
sometimes impairs performance. Both 
reduced. and increased recognition dura- 
tion thresholds have been reported. 
Some cues are enchanced in extent 
or intensity (Gilchrist & Nesberg, 
1952), while others appear to diminish 
in phenomenal value. Now these re- 
sults are similar to the effects of emo- 
tion on proficiency in perceptual-motor 
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tasks which were described above. 
Whether the effect of emotion in those 
cases was to be classified as facilitative 
or disruptive depended solely upon 
what was taken to be the task. Tasks 
requiring the use of greater numbers 
of cues were disrupted, while tasks 
requiring the use of smaller numbers 
of cues were facilitated by drive in- 
crement. However, there was no dif- 
ficulty in describing the effects of drive 
increment in unconditional terminology 
as reductions in the range of cue 
utilization. It has been indicated that 
the diverse results in perception can 
be reconciled in the same manner. 
Both facilitative and disruptive effects 
can be regarded as resulting from re- 
ductions in the range of cue utilization. 

In the discussion of accentuation of 
perceived size, it was suggested that 
whether the size of an object would 
be underestimated or overestimated 
when drive was increased might de- 
pend on characteristics determining 
whether it would be central or periph- 
eral in perception. This proposition 
is a counterpart of the conclusion that 
whether the effect of emotion should 
be described as facilitative or disrup- 
tive depended upon whether the central 
or the central plus peripheral task 
was considered. There is a similarity 
between the way in which central tasks 
Occupy an increasing proportion of the 
subject's resources and the way in 
which figures are accentuated under 
high drive. Both events are contin- 
gent on the recession of marginal cues. 
And in both cases description of the 
event ceases to be conditional if it 
refers to this change in the number of 
cues employed. 


FACILITATION AND Disruption 

Previous writers have contended 
that the criterion for distinguishing 
between motivational and emotional 
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events is proficiency of action. To the 
extent that an orectic event serves i 
organize a course of action, it has bee 
agreed to be “motivational” (Leeper, 
1948; Smith, 1958). When it leads te 
disruption of a course of action, opis 
ions differ as to whether it should be 
called “emotional” (Smith, 1958) or 
not (Leeper, 1948). Leeper assumed 
that disruption only occurs when twe 
different organizing processes have 
come into conflict, so that it too i 
an organizing event. Thi: is not true 
Mere increase in generai excitement 
can disrupt complex action sequences 
At the same time, disruptive effects 
do seem to be restricted to the use of 
cues that are effectively or perceptively 
peripheral in some way. Thus, if- 
creased drive tends to interfere with 
the use of incidental cues, perhaps 
diminishing their phenomenal value 
and delaying reaction to them. Mean- 
while, however, it also tends to sharpen 
or concentrate action, and perhaps t 
enhance the phenomenal importance af 
central cues and to expedite reaction 
to them. The facts and their classifica 
tion can be reconciled by avoiding ust 
of terms like “organizing” and “dis 
organizing,” and speaking of the nature 
of the central cues and the range of cut 
utilization instead. 

Accordingly, it is proposed that 
whether a course of action is facilitated 
or disrupted by emotion depends o 
its complexity and upon the range q 
cue utilization left to the actor in his 
emotion, 

Task complexity has been defined 
in terms of the number of cues that 
must be utilized simultaneously i 
achieve the type of behavior requi 
by that task. Plainly those operations 
that were facilitated when the use 
irrelevant cues was reduced—for i 
Stance, the tracking operation by F 
subjects of Bahrick et al., or that @ 


ding food in the initial runs by the 
‘of Bruner and co-workers—tmight 
wwe been impaired if the reduction 
d proceeded further so that relevant 
were also excluded. Continued 
ion in the range of cue use would 
tus first improve and then impair 
ciency. It would in fact produce 
the sort of up and down relation 
n proficiency and drive that is 
Mmiliar in connection with the names 
@ Yerkes and Dodson (1908; and, 
Broadhurst, 1957; Courts, 1942; 
, 1956; Shore, 1958; Stennett, 
37). Moreover, on the hypothesis 
the range of cue utilization is 
when drive rises, this analysis 
vides an explanation of this familiar 


Regard the curvilinear relation be- 
ten drive and proficiency as the 
ultant of two functions: one in which 
ficiency is a function of the num- 
of cues in use, and one in which 
number of cues in use is negatively 
endent upon drive level. Assume 
(a) that simultaneous use of task- 
nt and task-irrelevant cues re- 
the effectiveness of response to 
extent, and (b) that as the total 


ant cues are excluded before 
-relevant cues. For any task, then, 
ded that initially a certain pro- 
tion of the cues in use are irrelevant 
‘s (that the task demands something 
than the total capacity of the 
ism), the reduction in range will 
ice the proportion of irrelevant 
employed and so improve per- 
lance. When all irrelevant cues 
been excluded, however (so that 
Ww the task demands the total capac- 
of the subject), further reduction in 
number of cues employed can only 
relevant cues, and proficiency 
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will also produce this 

The effect of learning on the relation 
between drive and proficiency on this 
hypothesis would be complex. Some 
speculative proposals may be offered, 
however. In the first place, learning 
might be expected to reduce the num- 
ber of irrelevant cues in use (¢g.. on 
a statistical theory [Estes, 1955]). 
Thus it would tend to produce the 
effects here ascribed to increased drive. 
Bruner, Matter, and Papanek (1955) 
have in fact reported that overlearning 
and high drive were alike in reducing 
the range of cue utilization in their 
experiments on breadth of learning by 
rats. A second effect of learning might 
be to increase the number of relevant 
cues in use, and consequently to raise 
proficiency further. The point of 
optimum proficiency on the continuum 
of cue utilization would then move 
toward the higher number of cues. 
That is to say, the optimum drive level 
would be reduced by such an effect. 


mxcession of 
, 


1/0(C—{(R—C), the symbol P represents 
rofici ith a maximum of 1 and a 


give a regression of P on drive, it is neces- 
sary merely to write an expression of the 
generalization that drive reduces range (eg 
R=kS/D, in which k is a constant less 
the maximum R), and 
for R in the expression 


of P. 
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This, in fact, was the result Courts 
(1942) found with practice in the re- 
lation between neuromuscular tension 
and proficiency in memorization. The 
third major effect of learning that 
might be expected is the one discussed 
by Miller (1956) as “coding.” Groups 
of cues may come to form larger per- 
ceptual units, attached to larger re- 
sponse units, so that the number of 
cues required for proficient perform- 
ance might fall. This would tend to 
produce a relation between practice and 
optimum drive level opposite to that 
found by Courts. In tasks in which 
larger perceptual units emerge after 
practice, the optimum drive ought to 
undulate about a downward trend with 
practice. 


Cue UTILIZATION AND INFORMATION 
TRANSFER 


The range of cue utilization has 
been treated as if it were equivalent to 
the amount of information in use at 
any one time. In fact, under certain 
circumstances there is a formal relation 
between the range of cue utilization 
and the measure of total information 
transfer. The information transferred 
in bits is the number of cues in use, 
raised by a function of the probability 
of occurrence of any one of those cues. 
The similarity of the two conceptual 
systems is even greater if information 
is measured in “chunks,” which is 
Miller’s expression for the information 
unit when perceptual integration of 
physical stimuli has occurred and the 
integral units have been coded to new 
symbols or phenomenal stimuli. Miller’s 
important discussion (1956) must be 
read in the original. 

It is necessary to be clear about the 
sense in which cue utilization is related 
to information transfer. A stimulus is 
said to convey information when it 
serves to elict the associated one of a 
number of responses from a set or 
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repertoire of responses. The 
of information transferred when a gives 
response has been elicited varies bg 
arithmically with the number of alte- 
native responses in the set from whid 
it was selected. Thus, situations diffe 
in the size of the set of potential re 
sponses corresponding to the number 
of different stimuli present with which 
discrete responses are associated. The 
Overt occurrence of any one of the 
responses as a consequence of the ap 
propriate stimulus reflects both the 
use of that cue and the transfer of 
information. 

The information transferred in any 
given S-R event is a log (to the base 
2) function of the number of possible 
responses in a situation. In the same 
way, the information conveyed by any 
given series of cues is a log function 
of the number of different sequences 
of cues that could arise. Appropriate 
response sequences such as those in- 
volved in oral reading and the other 
serial tasks discussed above therefore 
reflect the transfer of information in 
the same sense as do appropriate single 
responses, 

The two systems of description arè 
compatible also with regard to 
relevance-irrelevance dimension. Ii 
sofar as any cue elicits an associa 
response, it can be said to have be 
used, or to have transferred informa 
tion. It is therefore correct to 
of the transfer of relevant or irrelevatt 
information, in the same way that it 
correct to speak of the use of relevant 
or irrelevant cues. Relevance is ™ 
intrinsic to information in this de 
tion. Relevance has to do with 
relation between information and 
requirements. “a 

Translated into information termi 
nology, the generalization under discus; 
sion asserts that the total amount st 
information transferred through "® 
actions of an animal falls with incr 
in drive level. It is possible, but 
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hypothetical, that this is equivalent to 
saying that channel capacity is reduced 
in emotion, or that the rate of gain of 
information (Hick, 1952) falls off. 
The shift in terminology from “range 
of cue utilization” to “total information 
transfer” is intended merely to replace 
old words with new. The difficulty 
of conducting a discussion in the old 
terms has been demonstrated by what 
has been written so far, The hypo- 
thetical identity of the events which 
have been discussed is somehow ob- 
scured by the diversity of terms. If 
“shrinkage of perceptual field,” “in- 
crease in stimulus generalization,” and 
“tise in duration threshold” can be 
described in common terms, as meas- 
ures of reduction in total information 
transfer, their essential similarity may 
be more readily recognized and treated.* 
An application of information termi- 
nology that may be particularly fruit- 
ful is to the important matter of de- 
scribing task difficulty. At present the 
language is limited to those cases in 
which the stimulus-response connec- 
tions are already available and the 
Subject’s uncertainty consists in select- 
ing from among habitual and instine- 


*Hick, in a pioneer information theory 
Study of the relation between multiple 
choice reaction time and the number of 
choices required (1952), considered why 
his reaction times should fit a straight line 
Tegression on the logarithm of the number 

alternatives. To account for this con- 
firmed effect, he suggested that perhaps the 
Subject actually sorts through the alterna- 
tives serially. That is to say, he suggested 

t the multiple-choice reaction task was 
a serial task. It is known that visual 
recognition reaction times bear a similar 
relation to stimulus complexity. If Hick’s 
Suggestion were correct and applied to these 
data, then it is possible that the task of 
identifying which letter of the alphabet is 

layed on a chart is a serial task. Lashley 
(1951) has offered some related specula- 
tions. The similarity between serial psy- 
chomotor tasks and simple perceptual tasks 
may be a good deal closer than the foregoing 
empirical classification implies. 


description of task difficulty has been 


multiple-choice 
time (Hick, 1952; Poulton, 1956), 
visual recognition (eg, Fitts, Wein- 
stein, Ra , Anderson, & Leon- 
ard, 1956; Newbrough, 1958), jig saw 
puzzle working (Solley & Snyder, 
1958), absolute judgment (Garner, 
1953), and immediate memory (Aborn 
& Rubenstein, 1952; Pollack, 1953). 
This list contains several cases that 
are comparable with studies cited above 
on the effect of drive, and such com- 
parisons show that a deficiency of in- 
formation and an excess of anxiety are 
functionally equivalent. 
Winer IMPLICATIONS 

As mentioned in the introduction, 
Bruner, Matter, and Papanek (1955) 
have shown how the concept of “range 
of cue utilization” can account for the 
different degrees of continuity in learn- 
ing and for the different amounts of 
latent learning that have been observed 
by various workers. The argument 
here has provided a rationale for ex- 
pecting both facilitation and impair- 
ment of performance on any given task 
as the range of cue utilization is re- 
duced from a level above to one below 
that required for the task. Evidence 
has been cited or reviewed in support 
of the general proposition that when 
drive level rises there is a concomitant 


196 


decrease in the range of cue utilization. 
This generalization and the argument 
can account for both the organizing 
and the disorganizing effects of emo- 
tion. 

It has been argued that the range of 
cue utilization may be alternately de- 
scribed as “total information transfer.” 
This designation implies that the range 
is an index of cerebral competence 
(Cameron, 1947) in some sense. Two 
recent major reviews of comparative 
psychology have included hypotheses 
to this effect. Hebb and Thompson 
(1954) make the proposition “. . . that 
the intellectual development in phy- 
logenesis that eventually makes speech 
possible is an increasing independence 
of the conceptual activity from the 
present sensory environment and an 
increasing capacity for entertaining 
diverse conceptual processes at the 
same time” (p. 539). Nissen (1951) 
writes: “With ascent in the phyletic 
scale, the effective environment ex- 
pands spatially and temporally and 
provides an ever-wider range of be- 
havior determinants” (p. 381). As 
further support for this hypothesis, it is 
notable that the range of cue utilization 
appears to be reduced by aging (e.g., 
Birren, 1952; Griew, 1958; Kirchmer, 
1958; Welford, 1951). Moreover, re- 
cent work on the integration of simul- 
taneous stimuli by brain-damaged sub- 
jects (e.g., Beech, 1956; Bender, 1945; 
Bender, Fink, & Green, 1951; Teuber 
& Mishkin, 1954) suggests that it is 
reduced in this condition too. Inability 
to utilize all available cues seems to 
explain the faults in spatial orientation 
these subjects display in certain cir- 
cumstances. Beech (1956) has noted 
that the tendency of brain-damaged 
individuals to make errors of orienta- 
tion in drawn reproductions of figures 
is negatively related to intelligence. 
This correlation strikes to the heart 
of the question and supports the prop- 
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osition that the range of cue utilization 
is an index of cerebral competence—as, 
indeed, Jacobs (1887) assumed for 
his “prehension span” when he tried it 
on idiots years ago, and as Porteus 
(1956) too has been saying for years 
about his maze scale. 

If it is true that the range of cue 
utilization is an index of cerebral com- 
petence, and that emotion tends to re- 
duce this range, then Cameron (1947) 
has been right in his traditional as- 
sumption that emotion reduces cere- 
bral competence. 

Several coincidences with general 
psychological principles bear on the 
explanation of the reduction in range 
of cue utilization in emotion. First, 
what may be called “the behavioral 
law” asserts that the probability of 
occurrence of a dominant response is 
raised by increase in drive (Hull, 
1943). The obverse of this principle 
is that the probability of reaction to 
the cues for other responses is simul- 
taneously reduced. Maltzman, Fox, 
and Morrisett (1953) have applied this 
version of the behavioral law to the 
explanation of the role of emotion in 
the development of rigid behavior im 
Luchins-type problem solving situa- 
tions (Beier, 1951; Cowen: 1952a, 
1952b; Pally, 1954), an association 
also noted elsewhere (e.g., Davis 
Cullen, 1958; Maier, 1956; Roseman, 
1952). The inverted behavioral law 
may be identical with the abstraction 
that the range of cue use is reduced in 
emotion, although the importance 0 
the habit element has not been demon- 
strated in all cases to which the con- 
cept has been applied. 3 

The abstraction under discussion 
spans a very wide area, It embraces 
the behavioral law—inversely, as" 
were. In a similar way it also 10- 
corporates the related Hullian (1943) 
proposition that drive increment i 
creases “stimulus generalization,” which 


Emotion, CUE UTILIZATION, AND ORGANIZATION OF BEHAVIOR 


js the tendency of stimuli other than 
the training stimulus to evoke a trained 
response. This proposition implies 
that the segment of a stimulus con- 
tinuum that consitutes a cue for a 
trained response becomes broader and 
broader as drive level rises. Thus 
fewer distinctions are made within the 
continuum, and fewer different cue- 
uses are possible. By like argument, 
the Yerkes-Dodson law, too, can be 
included in the generalization under 
discussion, as shown above. Accord- 
ing to this principle, as drive level 
rises, some cues lose their effectiveness 
for guiding action (Broadhurst: 1957; 
in press; Yerkes & Dodson, 1908). 
Finally, if intense external stimulation 
is like the “noxious” external stimula- 
tion or the internal stimulation of 
drive, then a third psychophysical law 
can be put with these two. This is 
the proposition that a given difference 
of intensity between two stimuli be- 
comes less discriminable at high levels 
on the stimulus scale (Stevens, 1957), 
which again implies a reduction in the 
number of cue-uses available. Thus 
the generalization that increase in emo- 
tion lowers the range of cue utilization 
can incorporate theory as well as fact 
both from studies of perception and 
studies of other behavior. 

In addition to its comprehensive 
character, the principle under discus- 
sion is more complete than those it 
embraces in another sense. It tells 
about what is happening when the 
organism under low drive makes rela- 
tively few effective responses to a 
simple central task compared to the 
number made by an organism under 
high drive. Without examining this 
aspect of response to emotion, it is 
not possible to be clear about how 
emotion affects behavior. For if the 
effect of drive be inferred from its 
effect on a central task only, then it is 
quite justifiable to suspect that with 
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drive low the organism is responding 
to few cues of any kind, fails to 
remember responses, or is incapable of 
integrated action. Such inferences 
might lead readily to the view that a 
certain amount of emotion tends to 
make an organism more vigilant and 
capable than an undisturbed animal 
would be. 

Finally, it is important to note that 
there is no conflict between the data 
on simultaneity of cue utilization and 
the behavioristic assumption that cues 
are dealt with one at a time. This is 
because responses overlap after being 
started in succession. Even though 
there must be many channels in which 
a number of responses can be said to 
be occurring at once, there is still a 
single-cue channel somewhere that af- 
fects events elsewhere in the system 
(Broadbent, 1957a; Carmichael & Dear- 
born, 1948; Hick, 1952; Mowbray, 
1954). Broadbent (1957b) has out- 
lined a mechanical model for attention 
and immediate memory which recon- 
ciles these two requirements. Single 
response theories of behavior, extended 
to sequences of responses where neces- 
sary, are therefore capable of rational- 
izing the empirical generalization that 
the range of cue utilization is reduced 
in emotion. 


SUMMARY 


The effect of emotion on behavior 
has been discussed in reference to the 
empirically derived generalization that 
the number of cues utilized in any 
situation tends to become smaller with 
increase in emotion. 

On some tasks reduction in the 
range of cue utilization improves per- 
formance. Irrelevant cues are €x- 
cluded and drive is then said to be 
organizing Or motivating. In other 
tasks, proficiency demands the use of 
a wide range of cues, and drive is dis- 
organizing Or emotional. There seems 
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to be an optimal range of cue utiliza- 
tion for each task, 

The argument suggests that motiva- 
tional concentration of action in a given 
direction is merely an early stage in 
an emotional process that acts con- 
sistently to reduce the range of cue 
utilization. This view rationalizes some 
experimental measures of anxiety and 
provides a parsimonious interpretation 
of a number of facts about attentive 
behavior. 

The generalization and the argument 
can be translated into information 
terminology, which promises particular 
utility for describing task difficulty. 

The range of cue utilization can be 
regarded as an index of cerebral com- 
petence, and the generalization then 
asserts that cerebral competence is re- 
duced in emotion. 

The abstraction relating the range 
of cue utilization to emotion is capable 
of subsuming several other principles 
as special cases. No explanation of 
the relationship is proposed, but it is 
implied that no major revision of 
current theory is required to produce 
one. 
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Time is a common dimension for 
specifying either stimuli or responses, 
and so it appears often in psychological 
studies on one of the coordinates of 
the graphical results. This paper puts 
time on both the abscissa and the ordi- 
nate for some extremely simple be- 
havior. Because the resulting picture 
for short time intervals appears to be 
in accord with a simple descriptive 
theory of some factors governing the 
timing of a response, the report might 
‘be categorized as related to the per- 
ception of time itself. From the study 
it appears that a duration of 0.5 sec. 
may be even more interesting to psy- 
chologists than it has already become 
as the optimal temporal delay between 
conditional and unconditional stimuli 
in conditioning and as the minimum 
Separation required between sensory 
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signals to which independent responses 
must be made. 

The work grew out of a concern 
with the factors responsible for the 
variation in simple reaction times. In 
some of our earlier work (Bartlett & 
MacLeod, 1954), dealing with highly 
trained Ss responding to conspicuous 
signals to which they were fully alerted, 
standard deviations for samples of re- 
action times fell in the range from 8 
to 20 msec. It was demonstrated how 
variations in the signal and in the sen- 
sory mechanism systematically change 
both the duration of the reaction time 
and its variability. But there was a 
nagging question as to whether the 
variability for the optimum conditions 
might have been reduced to a still 
lower level if one could somehow have 
modified this typical reaction-time ex- 
periment by eliminating S’s uncertainty 
as to when the stimulus was to appear. 
The rough model guiding our thinking 
was the oversimplification familiar to 
all who read elementary textbooks: 
variation in motor response, in sensory 
processing, and in some central proc- 
essing. “Central process” of course 
includes the usual neurological ideas 


203 


204 Nek R. 
of central neurones and synapses, but 
also is a vague enough concept so that 
one can generously incorporate into it 
the element of stimulus uncertainty. 
Whether one regards this as a four- 
element or three-element model does 
not matter much. It suggests ways for 
assessing contributions to the total vari- 
ance in the time required for a simple 
reaction. 

We proposed to measure reaction 
times independently of the variation in 
sensory processing, with S’s uncer- 
tainty reduced to a minimum. We 
could not separate the two experimen- 
tally because, when S is fully informed 
as to when a stimulus is to be delivered, 
he reacts independently of its sensory 
registration. Instead of waiting for 
the signal and reacting to it, he tends 
to react simultaneously with its de- 
livery. He anticipates, in short. In 
any case, measures of error in syn- 
chronizing, if appropriate care were 
taken to ensure that as much informa- 
tion as possible was available to § on 
the timing of the stimulus, should af- 
ford measures of variation independent 
of the random variations in the sensory 
mechanism, Perhaps, too, some man- 
ipulation of the timing of stimuli might 
permit one to separate out of the “cen- 
tral process” concept a notion of the 
contribution of S’s uncertainty to the 
total variance. The factor of S’s un- 
certainty might be tied to the length 
of the interval. Data on attempts to 
synchronize with one of a series of 
sensory events repeated at regular tem- 
poral intervals were needed. Such was 
the reasoning at the beginning. As 
will be apparent in the results, this 
reasoning was useful for providing a 
framework for the research, but the 
data did not reveal the expected reduc- 
tion in variability. 

One would suppose that questions of 
how well S can synchronize and how 
well he can anticipate the end of tem- 
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poral intervals can be settled by a trip 
to the library. There are excellent 
bibliographies of studies by psycholo- 
gists interested in music, for example, 
and the perception of rhythm and time 
is a classical topic. We will not digress 
here on the fruitlessness of the library 
research, nor on the reasons in psy- 
chological history that might account 
for it. Of all the studies examined, 
only Dunlap’s (1910) report is of spe- 
cial interest. 

He delivered trains of auditory or 
visual stimuli with various fixed in- 
tervals ranging from } sec. to 1 sec. 
between the stimuli. After listening or 
watching a train until he felt prepared, 
S tapped a key so as to synchronize 
with the signals. Motions of the key 
were traced on a kymograph. Dunlap 
computed the average error in trains of 
repetitive responses and measured the 
mean variation, two indices which he 
reported independent of each other. 
Despite considerable difficulty in hold- 
ing his kymograph to constant speed, 
some interesting observations were col- 
lected. The error indices varied with 
the interval between stimuli, though 
the nature of the relationship between 
error and interval is not clear. The 
mean variation for Subject D—Dunlap 
—with auditory stimuli was 16-17 
msec. for the most rapid rates. Then 
Dunlap offers some additional observa- 
tions that are surprising, and that ap- 
pear to have been lost until recent 
years when “tracking” problems met 
tioned later in this paper were pursuee. 
For some Ss a rate of four auditory 
stimuli per second was too fast, and for 
visual stimuli, three per second €% 
ceeded the limit for responding. 


Rate Limit for Discrete Sensory Regis- 
tration 
Taubman (1954) has shown eight 


per second to be the approximate limit. 
at which brief auditory signals 
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be received and counted accurately. 
Higher rates can be counted only if 
the total number delivered in the train 
is low. With brief visual stimuli the 
rate limit is still lower than that for 
auditory. The implication is clear: 
Synchrony with one of a series of sen- 
sory events becomes reduced to a ran- 
dom performance when temporal in- 
tervals are very short, and, further, 
sensory mode probably sets the rate 
limit. Turn the statement around and, 
however time perception is treated, it 
follows that there is a limit on tem- 
poral perception, and this limit is de- 
pendent on sensory mode. 


Motor Rate Limit 


The motor units for executing re- 
sponses have upper limits for the rates 
at which movements can be repeated. 
The limit depends upon the unit. Ar- 
ticulatory movements with the tip of 
the tongue, as in pronouncing “tat, tat, 
tat,” do not run above 8.2 per second 
(Miller, 1951). The upper arm and 
the feet cannot be moved with a fre- 
quency as high as that for the finger 
(Wuest, 1947), nor the jaws as fast 
as the tongue (Miller, 1951). Dress- 
lar (1892) showed that taps by a sin- 
gle digit occasionally hit rates as high 
as 10.5 per second, but the normal 
limit is about 8.5 (Seashore, 1938), 
with long practice carrying the score 
only to 9.3. What fixes the upper 
limit is not known. Because the finger 
may be moved at a faster rate by elec- 
trical stimulation (Craik, 1947), it is 
commonly believed that the upper fre- 
quency limit may be explained in terms 
of the neural control. In short, be- 
havior, which after all must somehow 
be exhibited if it is to be recorded, 
involves movement of masses, and 
those movements can be executed only 
at the garden-variety slow rates pecu- 
liar to living organisms. Incidentally, 
Note that the maxima are of the same 
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order as the limits for perceiving dis- 
crete stimuli. 


Tremor Effects 


The execution of a digital motor re- 
sponse is complicated by tremors. The 
same kind of complication probably 
obtains with other motor units, The 
pitch vibrato reported by Seashore 
(1938) to range from 5.9 to 7.8 per 
second in singing reflects a tremor 
either in the activity of the larynx or 
control of the breath, or both. Fore- 
arm tremors at a rate of about 13 per 
second have been described (Dresslar, 
1892). The point is that tremors are 
found in motor units. Finger tremors 
have been studied most extensively. 
The finger typically exhibits a fre- 
quency range from 5 to 500 cycles per 
second (Hauty, 1954). The highest 
percentage of occurrence falls at the 
40-per-second level, but, with frequency 
and amplitude inversely related, the 
large and slower tremor in the range 
from 5 to 12 per second predominates 
and appears to have superimposed upon 
it some smaller and faster tremor. 
When digital responses are made, the 
type most frequently observed is a 
blending with the tremor (Travis, 
1929). The tendency for the response 
to occur in phase with the tremor sug- 
gests to Lansing (1957) that the ex- 
citability processes operate at a low 
level, possibly in the spinal motor pool. 
Whatever the physiological basis, if 
the tremor in a motor unit is slow, 
and if phasing with the tremor char- 
acterizes the reactions of the unit, the 
effect upon the variability of synchro- 
nizing reactions, or indeed upon the 
variability of any motor reactions to 
sensory stimuli, whether anticipated or 
not, would be substantial. In sum- 
mary, then, not only must one reckon 
with some motion impedance pointed 
to earlier, but there is the added factor 
that movements are executed against 
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a background of smaller motions and 
of the substrate of neural excitation 
implied. All of these factors somehow 
continue to produce the variation in 
motor response referred to earlier. 


Motor Responses to Cyclic Visual Sig- 
nals: “Tracking” 


Tracking is a complex behavior re- 
quiring continuous motor output while 
the S monitors sensory events. Re- 
cently some observations have been 
reported by Klemmer (1956) indicat- 
ing that certain simple eye-hand coor- 
dinations become difficult when stimuli 
are repeated as fast as twice per sec- 
ond. Similarly, Noble, Fitts, and War- 
ren (1955), in their study of pursuit 
tracking (holding a visual target 
aligned on a cathode-ray oscilloscope 
by compensating manually for sinu- 
soidal variations in its position), found 
that Ss deteriorated at surprisingly 
slow frequencies. Though there were 
differences among Ss in the limiting 
frequency for holding synchronization, 
in general they could not perform well 
with signals moving faster than about 
two cycles per second. We have in- 
cluded the preceding observations only 
as a precaution against extrapolating 
from data on attempts to synchronize 
with a single event in a series to com- 
plex behavior such as tracking. 


Some Generalizations and Predictions 


In summary, one is left with a gen- 
eralization: Responses can be syn- 
chronized with anticipated events with 
fair precision. Musicians and aerial 
acrobats have some skill in this regard, 
even though it appears there are no 
data on the limits of their skill, Single 
temporal intervals and rhythmic pat- 
terns are reproduced, and though in- 
vestigators differ markedly in the mag- 
nitude of errors reported, the error, at 
least with moderately brief intervals, 
is only a small fraction of the interval 
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(Ruckmick, 1913; Seashore, 
Woodrow, 1951). 

Second, there are some generaliza- 
tions to qualify the first. Sensory 
channels can register events only at 
low rates. If S is required to count 
them, for example, auditory stimuli are 
not treated accurately at a rate faster 
than about eight per second. Further- 
more, motor units show limits for the 
speeds at which movements can be re- 
peated. At least to one accustomed 
to think in terms of the speeds of some 
common household and laboratory ma- 
chinery, man’s motor appendages oper- 
ate at a surprisingly low rate. Again, 
at least some motor units exhibit slow 
tremor, and, in studies of digital re- 
sponses, the responses have been shown 
to tend to occur in phase with the 
tremor. 

The initial question was one of the 
magnitude of the error. But the ques- 
tion immediately turns into a number 
of additional queries: Whose error? 
With what motor responses? With 
what signals? With what intervals 
between signals? After what degree 
or type of training? But though addi- 
tional questions are raised, there are a 
few hypotheses from the background 
of related research to offer some tenta- 
tive answers. 

First, as in studies of the reaction 
speed to single stimuli (Teichner, 
1954), considerable variation from per- 
son to person should be expected and 
a large amount of training found neces- 
sary before an S performs at his best. 
Second, one should perform better with 
motor units suited for fine articulated 
movements: for example, a finger 
movement might permit a better score 
than a foot movement, Third, if the 
interval between stimuli is very brie 
synchronization should become impos 
sible, with responses falling at random 
throughout the interval between sig- 
nals. Moreover, the limiting brevity 
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might vary depending on the sensory 
channel. The ear might permit shorter 
intervals than the eye. Finally, for 
longer intervals the error in synchroni- 
zation should come to depend less upon 
the sensory or motor modes, and more 
upon “memory” (or “centralmotor” or 
whatever other arbitrary name one can 
assign to the process) for repeating 
time intervals. 

With some simple assumptions, the 
error limits can be predicted in a gen- 
eral fashion. First, when the pace for 
the sensory events is too fast, perform- 
ance is random. Responses fall in a 
rectangular distribution throughout the 
interval, and so, as a simple mathe- 
matical treatment for such distributions 
demonstrates, the standard deviation 
(SD) for a large sample accordingly 
becomes simply the interval divided by 
the square root of twelve. Samples 
will have a standard deviation approxi- 
mating this chance index, sometimes 
falling above and sometimes below, de- 
pending on sampling error. If E de- 
notes the standard deviation in seconds 
and J the interval, the value of Æ is 
defined as 

E&I/Vi2. [1] 

For slower rhythms the ratio of E 
to I will decline, but Æ will not fall 
below a limit depending, if not upon 
the sensory-motor coordination mode, 
at least upon the motor mode. In the 
simplest case, where M denotes the 
motor time limit 


[2] 


Finally, for very slow rhythms 
the “memory” factor predominates. 
Though the Weber relationship is prob- 
ably too simple for expressing the 
relationship between E and J, it is 
Postulated as a first approximation. 
Where C denotes the “central” or 
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“memory” Weber quotient, 


EZIC. [3] 

If this reasoning is sound, a graphi- 
cal display for the standard deviation 
E plotted on the ordinate against / 
on the abscissa should show that as 7 
increases from zero, E first increases in 
accordance with Equation 1 until Z is 
sufficient to permit identification of dis- 
crete sensory signals. For larger val- 
ues of J, E would decline and possibly 
hold to the value M, until / attains a 
value of approximately M/C. There- 
after E again increases, always remain- 
ing above the value JC. If one may 
speculate with abandon, it is possible 
to suppose that William James, with 
his concern for the specious present, 
might have been interested in knowing 
the value of {= M/C. 


PRELIMINARY MEASUREMENTS 
Method and Equipment 


Recordings were made of the precision 
with which one can throw off the “count” 
toggle switch of a Berkeley Model 410 elec- 
tronic counter so as to synchronize with the 
slam of the mechanical registers of the 
machine. A train of pulses was fed to the 
machine at a constant frequency. Every 
thousandth pulse excited an electronic relay 
which operated the mechanical registers. 
The S attended to the regular beat from the 
mechanical register while grasping the toggle 
switch between thumb and forefinger. Then, 
when he had listened to enough beats so that 
he was satisfied he was following the rhythm, 
he pressed down on the toggle switch to stop 
the count as closely as possible upon the 
beat, The mechanical register indicated how 
many thousands of pulses were fed into the 
machine; the last three digits of the pulse 
count were read from three banks of decimal 
counting units. Thus with an audio oscil- 
lator input of 1,000 cycles per second the 
mechanical register slammed repeatedly at 
intervals of 1 sec., and when the count switch 
was thrown off the decimal counting units 
showed, in thousandths of a second, the time 
that had elapsed since the last activation of 
the relay. If it is assumed that the relay 
circuit to the mechanical register and the 
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mechanical register itself operated instan- 
taneously, the count appearing on the bank 
of lights constituting the decimal units is a 
measure of the error in synchronization. 
For example, if the count is 003, the attempt 
to synchronize with the anticipated sound is 
0.003 sec. tardy, or if the count is 981, the 
attempt is 0.019 sec. early. 

Except for a few exploratory samples col- 
lected at other frequencies, the frequency 
used was 1,200 cycles per second. The in- 
terval between sounds was thus 0.833 sec., 
and error was read in units of twelve- 
hundredths of a second. 


Magnitude of the Error 


Data were collected on one S (B), who 
had participated in the earlier visual reaction 
experiments and who had played with the 
machine in this way on many occasions dur- 
ing the preceding three years. Single sam- 
ples of 50 readings showed distributions that 
do not differ significantly from normal proba- 
bility: the means did not deviate more than 
10 msec. in either direction from synchrony, 
and the SDs for samples ranged from 20 to 
30 msec. 

Two musicians each contributed 50 read- 
ings. Both are accomplished artists, and of 
particular interest here, they also enjoy some 
distinction for their duo piano performances, 
so presumably have a fair degree of skill in 
synchronizing. Their switch snapping showed 
a mean error and scatter comparable to that 
for B. However, particularly as reflected in 
the mean error, the initial samples of fifty 
were not quite so precise. 

Twelve student volunteers likewise were 
tested. After five demonstration trials, with 
Ss being told their scores, a sample of 25 
readings was recorded for each. As in pre- 
ceding tests, S was allowed to attend to as 
many noise strokes as he wished before 
throwing the toggle switch. Inasmuch as 
the twelve were novices, it may be of in- 
terest that of the 300 responses recorded, 
most were attempts to synchronize with 
either the fourth or fifth stroke. Only two 
attempts went beyond seven. Mean errors 
in the samples ranged from 0.163 sec. early 
to 0.046 sec. late, with standard deviations 
varying from 0.019 to 0.079 sec. The mean 
of the twelve standard deviations was 0.037 
sec. Some tended to throw the switch at 
the proper instant but with much variation 
from trial to trial; others were consistently 
early, one was inconsistent and early, and 
so on. 

The Ss were instructed to throw the 
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switch upon whatever stroke they wished, 
and there was some variation in the number 
attended to before responding. Hence it 
appeared that in future tests some might 
throw a switch without enough information 
from the stimuli. It therefore seemed that 
the instructions should be modified so as to 
require S to listen to at least 3 or 4 strokes 
before responding. If such instructions were 
used, data for attempts on the third beat, 
for example, might be discarded as involving 
insufficient stimulus information. To learn 
whether S could pick up enough from two 
strokes to respond successfully upon a third, 
the 12 Ss appeared for a second series of 
tests, this time with instructions to throw 
the switch to coincide with the third. 


Results 


The results were inconclusive; the 
t test showed a slight improvement in 
the second series, but this well might 
have been a random variation, not to 
mention the possibility of its being at- 
tributable to practice. On the basis of 
these findings it was decided that in 
subsequent testing the original instruc- 
tions would stand: S would be allowed 
to elect the stroke upon which he at- 
tempted to synchronize. 

Having established the general mag- 
nitude of the errors with 1 highly 
trained subject, with 2 musicians, and 
with 12 undergraduate novices, and 
having a demonstration that the im- 
structions were workable, the equip- 
ment was improved to afford a more 
conclusive experiment. 


EXPLORATIONS or INTERVAL, MOTOR 
Mobr, AND Sensory EFFECTS 


Apparatus ? 


Changes were made which furnished 
additional means for stopping the count 
and an improved presentation of repeti 
tive auditory stimuli. The lead from 
the last decimal counting unit to the 
relay circuit of the mechanical registet 


* The additional circuitry was designed and 
assembled by John R. Graham of Hoba 
College. 
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was disconnected from the relay circuit 
and fed through an inverting amplifier 
into a cathode-coupled one-shot multi- 
vibrator. The negative pulse from the 
multivibrator led to a separate scale 
of 10 (Berkeley Model 700A), where 
as many as 9 pulses could be counted. 
The positive pulse was led through a 
cathode follower and impedance-match- 
ing transformer to earphones ( Permo- 
flux Type HD-1). When pulsed in 
this fashion, the phones registered the 
sound as a sharp click. Attenuator 
tests with normal operation of the gear 
showed a reduction of approximately 
40 db. required for making the click 
inaudible. 

A gated amplifier (6AG5, triode con- 
nected) was inserted between the audio 
oscillator and the Berkeley Model 410 
counter. The gate could be closed 
(terminating the count) either by 
pressing on a normally closed micro- 
switch or by uttering a plosive sound 
into a microphone and associated 
amplifier. 

The mechanical switch was a rigid- 
lever microswitch, Type BZ-2RW80. 
This switch has a long lever arm. The 
whole was fitted into an aluminum 
and wood box 37 cm. X 25 cm. X 4 cm. 
so that the lever arm protruded through 
a slit in the top (37 cm. X 25 cm.) sur- 
face. By bending this arm it was made 
to rest parallel with the surface and 
approximately 7 mm. above it. As 
bent, the distance from the end of the 
lever to its fulcrum was approximately 
6 cm. A small force applied at the 
lever end is sufficient to trip this 
Switch; weight tests showed 10 gm. 
usually to suffice, and 12 gm. to trip 
it every time. If moved from the posi- 
tion of rest, the end of the lever moved 
down approximately 5 mm. before the 
Circuit opened. With training, S can 
hold the lever arm part way down so 
that a remaining excursion of 2 or 3 
mm. suffices. 
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By a system of clamps the box could 
be secured to a laboratory bench at 
any angle of choice, or the box could 
be rested on the floor for pedal opera- 
tion. For finger operation, the heel 
of the palm rested on the top surface. 
For forearm tests, the wrist was held 
rigid, and the medial surface of the 
forearm rested on the edge of the wood 
surface. Again the switch was oper- 
ated by pressure from the finger pad 
against the lever. For pedal tests, the 
box was placed on the floor and the 
switch closed by pressure from the first 
toe. For foot tests, the heel rested on 
the wood surface, and for toe tests the 
ball of the foot remained on it. 


Preliminary Observations 


Finger reactions of 19 students to a 
0.83-sec. click interval furnished an 
estimate of individual differences after 
a short training period and helped es- 
tablish an index for the effects of 
training. 

Five preliminary trials were given 
each S for familiarization with the task 
and for checking positions of the hand. 
Then a series of 20 trials was run off, 
S being told after each trial the extent 
of his error and whether tardy or early. 
Incidentally, throughout all the experi- 
ments with this equipment S had one 
clue to the success of any trial. If he 
heard the click with which he attempted 
to synchronize, he either made a per- 
fect score or was late; if the click was 
not heard, he was early. Following a 
rest, another block of 20 trials was run. 
This procedure was continued for four 
blocks. Then a fifth block was run, 
but, for the fifth, S was not informed 
of his score. 

Significance (t) tests show the im- 
provement between the first and fourth 
training series, as reflected in both the 
constant error and the standard devia- 
tions, to be dependable. The mean of 
the SDs was 0.065 sec. in the first 
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series and 0.051 sec. in the fourth; the 
mean of the constant errors —0,046 
sec. in the first, and —0.006 sec. in the 
fourth. The fifth test series, with no 
word given S on his score, did not 
differ significantly from the fourth 
series. The data demonstrate a point 
that is obvious to one watching be- 
ginners; A long time is required to 
master the task, simple though it ap- 
pears to be. In this situation, Ss 
tended to respond too soon, especially 
at the beginning. One of the most 
noticeable effects of the training was 
the reduction in the number of radical 
“gun-jumping” errors. 

The scores derived with this new 
method of testing are more variable 
than those obtained with the toggle 
switch. A different group of Ss was 
used, and the task was different; so 
the point should not be labored. But 
neither should one ignore the possi- 
bility that in the early stages of training 
a free finger tap on a lever is more 
erratic than snapping a toggle switch 
held between thumb and index finger. 

Reliability, as reflected by correla- 
tion coefficients for error indices from 
one series of samples to another, is 
low for samples of twenty trials. For 
example, the rank-order coefficients 
for the correlation between variances 
(square of constant error plus square 
of SD) in the first training series and 
those in the fourth is 0.51. For total 
variances in the first and the final or 
test series rho was 0.48. Especially 
at the beginning, an individual fluc- 
tuates widely from one trial to another, 
and hence from one small sample of 
trials to another. A large number of 
tests must be conducted before reliance 
can be placed on an error index for 
the performance of one attempting to 
synchronize, 

These preliminary observations con- 
firmed what had already become fairly 
clear. The elucidation of such factors 
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as interval time and response mode 
must be based upon a large number 
of trials with well-trained Ss. Gross 
effects might be revealed in small sam- 
ples of 15 or 20 trials. But many sam- 
ples of small size, or conversely, one 
sample of many trials, would be re- 
quired at every test point for tracing 
any but the most gross effects. Be- 
cause Ss tend to lose interest in their 
work with repeated trials involving one 
tempo, and because on the other hand 
a few practice trials are useful to help 
S establish the tempo before record- 
ings are made, the most economical 
and perhaps most valid method for col- 
lection of data is to accumulate sam- 
ples of moderate number. 


Factorial Experiment on Motor Mode* 


Method. A plan for conducting blocks of 
tests involving voice, finger, hand, and toe 
was developed. The factorial design in- 
volved four blocks for each day, each block 
comprised of twenty successive trials using 
a particular response mode. Block sequences 
followed on the four days of the tests were, 
respectively, ADBC, CBDA, BACD, and 
DCAB. After several days’ training on each 
of the modes of response, three Ss were run 
through the schedule of tests. As before, 
the interval between sound stimuli was 0.85 
sec. 

One response mode was voice. To execute 
the vocal response S first inhaled moderately, 
then, with mouth open, held the breath, while 
the auditory stimuli were delivered to him. 
By sudden forced expiration,t much as in a 
sharp cough, he uttered a plosive sound into 
the microphone. The second mode was 4 


3 Factorial designs and statistical proce- 
dures were developed by Robert L. Beinert 
of Hobart College. He also performed the 
computations in the various analyses. 

4 The anatomical substrate in this response 
is very complex. Besides violent contrat 
tion of elements in the larynx, there must 
simultaneously be relaxation of the dias 
phragm, possibly some activity of the ™ 
ternal intercostal and transversus thorace 
muscles, and most certainly the contraction 
of four abdominal muscles. The respons? 
mode was chosen on account of its Com 
plexity. 
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tap with the index finger, the heel of the 
palm resting on the top surface of the switch 
box. The third was a forearm movement, 
with wrist rigid. The fourth involved move- 
ments with the first toe, the ball of the foot 
resting on the top surface of the switch box. 


Results. The variance in the error 
indices for each of the 48 blocks was 
evaluated by calculating F ratios for 
parts attributable to identifiable ef- 
fects. Such calculations were per- 
formed for three indices: mean or con- 
stant error, standard deviation, and 
square root of the total variance. In 
the main, the results are not very in- 
formative. For standard deviations, no 
one of the identifiable first-order vari- 
ance sources (subject, mode, or day- 
order) contributed to the variation a 
degree that is statistically significant. 
For the mean or constant errors one 
first-order source (S) and one inter- 
action (S x day-order) were identified 
as significant factors in the variation. 
The calculations with the square root 
of variance likewise showed a reliable 
difference in Ss, but nothing else of 
Statistical significance. Detailed in- 
Spection of the raw data suggests that 
these elaborate statistical calculations 
were pointing to the fact that one S 
(NB) had two poor days for using 
his foot and voice. 

A summary of the constant error and 
Standard deviation indices is presented 
in Table 1. Shown are means for the 
indices in each of the four blocks re- 
corded for each S and mode. Thus the 
constant errors are based on 80 trials 
and the standard deviations are the 
means for four samples of twenty trials 
each. As before, a negative sign de- 
notes that the average response fell 
Prior to the anticipated event. If the 
constant error was positive in sign, the 
average fell after the strokes with which 
Synchrony was attempted. Inspection 
of these gross results shows that, ex- 
cept for NB’s erratic performance with 
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Taste 1 
Constant ERROR AND STANDARD DEVIATION 


(tn Seconps) ror Four Mopes 
OF RESPONDING 


oe | Finger | Hand | Voice 

DC | ar | —0.007| —0.020| —0.010| —0.003 
SD} 0.034} 0.032} 0.037) 0.036 

NB | M | —0,008) —0.018| —0.046, —0.035 
SD} 0.030} 0.032} 0.043, 0.037 

RC| M | 0.002) 0.015) —0.005| —0.006 
SD | 0.035} 0.030) 0.031} 0.036 


his voice and foot, there is homogeneity 
among modes and among the three 
trained Ss in synchronizing with sounds 
at this moderate tempo. 


Interval Between Signals and Sensory- 
Motor Mode 


Method. Error indices in block samples 
(each 20 trials again) were determined for 
six rates for presenting signals and three 
sensory-motor modes. The sequence for the 
tests was planned so as to permit an analysis 
of the contributions to the total variance in 
the indices for the blocks by S’s modes, in- 
tervals, interval-sequence, and their inter- 
actions. The schedule involved three se- 
quences for testing the intervals, so altogether 
162 blocks were compiled. 

The rates for presenting signals ranged 
from very fast to slow. Intervals between 
stimuli were 0.125, 0.25, 0.50, 1.0, 2.0, and 
4.0 sec. The three sensory-motor modes 
were eye-finger, ear-finger, and ear-toe. 
Thus comparison of the first two would 
afford some notion of sensory effects in a 
sensory-motor coordination involving the 
finger; comparison of the last two, a notion 
of motor effects. The headphone click served 
as the auditory stimulus. For a visual stim- 
ulus the flash of a Ne-2 neon lamp, illumi- 
nated at the beginning of each interval and 
lasting for one-tenth the interval, was em- 
ployed.’ With fast rates S could not iden- 


5 Specifically, the lamp was one in the 
Berkeley counter display. A cardboard 
screen was dropped over the decimal count- 
ing bank of lights, with an aperture in the 
screen permitting S to view the bottom or 
zero lamp of the first bank. Under the con- 
ditions of viewing, the lamp appeared to stop 
flickering and to be continuously luminous 
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TABLE 2 
MEANS OF CONSTANT ERRORS AND STANDARD DEVIATIONS 
(Rerative Uxrtrs) 
ea = == — — — 
AD 
Mode p- 
sD sD ogen | ae 
Sse 29 29 Sno | 2 
Finger 28 .29 —.207 | .28 
085 .117 —.021 071 
060 062 —.022 046 
059 041 —.014 O41 
052 035 —.016 .039 
Ear- k J 30 a «29 —.068 .25 
Finger $ : 163 r 089 —.030 097 
k a -067 ` .046 —.062 079 
d d 057 x .029 —.025 .039 
7 : O44 x .029 —.009 .038 
` J 051 x .040 —.019 .039 
Ear- A d .22 Š .28 —.094 25 
Toe . 3 AZ f. .082 —.075 .083 
' s 068 1 038 —.046 .068 
- . 064 i .040 —.035 049 
3 i 049 A .040 —.030 040 
“i a 054 A .037 —.006 .035 
a EEE ee ee es | a 


tify the signal with which he intended to 
synchronize, so consequently there was no 
proper basis for computing error. An arbi- 
trary convention was adopted: Error was 
measured as the time to the nearest signal. 
Thus if the counters read 500 or more, the 
error was found by subtracting from 1,000; 
if the number was less than 500, it was 
assumed to be the error. By this convention 
no error was recorded as greater than half 
the interval between signals. 


Results. The variance analysis was 
carried out with scores for each block 
of trials expressed in relative units 
rather than in seconds. The analysis 
showed substantial and statistically sig- 
nificant contributions, at better than 
the 1% level of confidence, for Ss, 
mode, time interval, and for the first- 


if flashed at about 30 times per second. At 
the fastest rate employed here (eight per 
second), a train of flashes was sensed, but S 
could not count them or select a particular 
one with which to synchronize, 


order interaction between mode and 
interval. Table 2 presents for each $ 
the means for the three block deter- 
minations of constant error and stand- 
ard deviation. To convert the data of 
this table into seconds, multiply 
entry for constant error and stan 
deviation by the time interval. 
Errors are predominantly those of 
striking the key slightly early. If the 
signal with which $ intended synchro- 
nization appeared, the attempt was 
either entirely correct or it was late. 
Such a cue may have operated to Te 
duce the number of tardy responses: 
For the rapid presentations, the scatter 
index (SD) is found to be at about 
the level for random distribution 0 
responses throughout the interval. 
Comparison of the data for ear-finge® 
and ear-toe reveals no striking differ- 
ences for the motor units. In general 
the performance with eight signals p% 


f to the ear (0.125-see. interval) 
‘about at a random or chance level, 
B there was a progressive improve- 
at slower rates until an asymp- 
level is reached. DC evidently 
to this asymptotic level more 
dly than the other two Ss. The 
d in standard deviations is high- 
d in Fig. 1, showing the mean 
SDs for the three Ss with the 
finger mode. Extensive data for 
6 other Ss, collected with slightly 
erent equipment that will be de- 
bed in the next section, are pre- 
d on the display also. Shown on 
graph as continuous lines are, first, 
“upper chance level, at which the 
error is equal to the reciprocal 
square root of 12; second, a 
ed line denoting a motor (M) 
of 0.018 sec. for absolute time 
for the SD; and third, some 
al” (C) limit of 0.036 for the 
error. These M and C limits 
are arbitrarily chosen; reference to 

ble 2 shows, for example, that DC 
t be assigned a lower C limit. 
netheless, the general trend is mani- 
and is in accord with the view 
ited in the introduction that skill 
‘Synchronizing is bounded by three 
mits: some sensory limitation with 
Very fast stimuli, so that performance 
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Relative error (standard deviation) 
function of interval between clicks. 
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becomes more or less random ; a motor 
limit which cannot be exceeded for any 
perceptible intervals whatsoever; and, 
finally, some limiting process to mem- 
ory for longer intervals. 

Figure 2 is another display of the 
same data, but this time with the ordi- 
nate showing the error (means of 
standard deviations) in seconds, rather 
than as relative to the interval. This 
picture of the data, particularly as sup- 
plemented by the observations on Ss 
N and E to be described later, under- 
scores the point that as intervals be- 
tween stimuli are made long enough to 
lift the imposition of chance scores by 
the sensory system the error in syn- 
chronizing remains fairly constant for 
further increases in the interval until 
the value M/C is attained. 

ison of eye-finger with ear- 
finger results reveals a superior per- 
formance with the auditory signals for 
rates of four per second and possibly 
even two per second. Figure 3 dis- 
plays the trend in the standard devia- 
tions for the eye-finger mode. The 
continuous lines for the M and C limits 
are the same ones chosen arbitrarily for 
Fig. 1, and so afford comparison with 
the ear-finger data. Chance perform- 
ance remains, of course, the reciprocal 
for the square root of 12. As meas- 
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ured by the average of the scatter in- 
dices with the three Ss, relative error 
stands at about chance level with lamps 
flashing at eight and four times per 
second, and then declines progressively 
with slower rates until finally perform- 
ance is limited by the ability of the S 
to reproduce long time intervals. The 
range of the fast rates, where the eye- 
finger coordination appears to fail be- 
cause of limitations of the visual sys- 
tem, and the range for slow where 
memory errors become critical, almost 
overlap so that at no rate does the 
coordination appear to be’ limited by 
motor effects. 


Intermediate Intervals: Comparison of 
Visual and Auditory Signals 


Methods. In the last section there were 
only two intervals sampled in the region 
between 4 and 1 sec. The tests with the 
two intervals were insufficient to show ex- 
actly the functional relationship between syn- 
chronization error and the stimulus rate, but 
nevertheless they demonstrated that the func- 
tion depends upon the sensory modality, The 
differences between the auditory and visual 
data were not accidents of statistical sam- 
pling. Perhaps they could be attributed to 
the point that the visual signal was exposed 
for a tenth of the interval, whereas the audi- 
tory was a brief click. There was also the 
possibility that the magnitudes of the sensory 
response to the two types of stimuli might be 
different. An exploration over the inter- 
mediate range of stimuli with signals whose 
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Fic. 3. Relative error (standard deviation) 
as a function of interval between flashes. 
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duration and sensory magnitude are com- 
parable was needed. 

This requirement was met by using a brief 
flash at two luminance levels and by em 
ploying likewise two noise levels for the 
auditory click. The flash was 2 msec. long, 
so the auditory and visual signals did no 
differ radically in regard to duration. The 
use of two intensity levels for each of the 
signals permitted an assessment of the role 
of sensory magnitude. If in the range used 
a variation in physical magnitude over two 
logarithmic units had no appreciable effect, 
then presumably differences in the strengths 
of the visual and auditory signals could not 
be invoked to account for the differences in 
performances with the two senses. 

Equipment. By simple modifications the 
relay circuit pulse in the Berkeley counter 
was made to trigger either the second single 
cycle square-wave generator of a Roush elec- 
tronic flash generator (Roush & Hamburger, 
1948) or an amplifier leading to a loud- 
speaker, or both. The Roush device con- 
trolled duration and current to a Sylvania 
R1131C glow-modulator lamp. Two milli- 
seconds was the duration, and current was 
set so that, for the conditions of observation, 
the flash in the crater of the lamp was &t 
threshold when reduced about four logarith: 
mic units. The lamp was viewed directly 
from a distance of about 1 m., either with 
no filter, or, for dim signals, with a Wratten 
2.0 neutral density filter. For the sound it 
was necessary to use a low-pass filter (Get 
eral Radio Type 830) in order to eliminate 
the basic frequency from the audio oscillator 
appearing constantly as part of the back- 
ground in the relay circuit lead. Betweet 
the loudspeaker impedance-matching trans- 
former and the 500-ohm output of the am 
plifier a Model 330 Hewlett-Packard attent 
ator was inserted. With 50 db. attenuatiot 
the click in the speaker (University T- 
was barely audible. Data were collecti 
with the attenution at 10 and again at 30 : 
The speaker was approximately 4 m. distal 
from S, so the click arrived at his ear 
less than 2 msec. 

Subjects and Procedure. One S was a 
orchestra conductor and instrumentalist, 4" 
the other an Air Force officer highly salt 
in sending telegraphic code. Reactions We 
by finger. The aim was to hit the lowe: 

F y two 
possible error indices, and cach of the i 
Ss was determined that his perforin 
would set a record that could not be be? 
The competition between the two was frien 
but extremely intense. 
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TABLE 3 
ConsTANT Errors AND MEANS OF SDs (1N SeconpDs) 


Signal Interval 
Constant 
Error 
Visual 0.167 0.012 
0.200 —0.012 
0.250 0.001 
0.333 0.002 
0.50 0.010 
Simultaneous 0.50 —0,004 
Audio-Visual 
Auditory 0.167 —0.021 
0.200 —0.018 
0.250 —0.007 
0.333 —0.015 
0.50 —0.006 


Five samples, each of ten trials, were col- 
lected at 6, 5, 4, 3, and 2 stimuli per second. 
The series was collected for each S, in a 
balanced design, using weak and strong audi- 
tory signals and weak and strong visual sig- 
nals. For the rate of two per second, some 
additional data were collected with weak 
signals. Instead of five samples, there were 
ten. In addition, as a test to determine 
whether a combination of simultaneous weak 
auditory and visual signals might yield better 
scores than either alone, ten samples, also 
of ten trials each, were recorded with simul- 
taneous presentation of the flash and click. 


Results. Results with auditory sig- 
nals differ from those with visual at 
each of the rates tested. Comparison 
of the data for simultaneous presenta- 
tion of the two kinds of stimuli shows 
that, at least at these intensities, and 
at the two-per-second rate used in this 
comparison, performance is no better 
than with the auditory alone. Strength 
of signal likewise had no effect. Re- 
actions to the weak light flash were 
similar to those for the brighter, and 
to the weak sound similar to those for 
the louder. Accordingly, in Table 3 
the data for the two intensities have 
been pooled so that the constant error 
is based on 100 trials for all rates ex- 
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sD e mg sD 
0.045 —0.007 0.045 
0.056 — 0.003 0.051 
0.061 —0.009 0.066 
0.034 0.000 0.103 
0.030 0.019 0.059 
0.021 —0.003 0.018 
0.023 0.009 0.026 
0.024 —0.002 0.019 
0.023 — 0.003 0.019 
0.022 0.003 0.018 
0.019 —0.007 0.019 


cept two per second, and the standard 
deviation on ten samples of ten trials 
each. At two per second the number 
of trials was 300. 

The auditory data are remarkable 
for the low variability. The data have 
already been displayed in Fig. 1 and 2. 
ND may have been slightly better at 
the slower tempos than at the fast, and 
RE did not make so low a score at 
the fastest rate as at the, others. But 
in general the standard deviations were 
very low throughout the range tested. 
With visual signals, however, a quite 
different relationship between error and 
interval is manifest. The character of 
the relationship, and the differences in 
the records of the two Ss are portrayed 
in Fig. 3 and 4. The log-log scales 
chosen for Fig. 4 render the compari- 
son most simple and interesting. On 
such a display, chance becomes a 
straight line and the C limit likewise 
a straight line. The C function was 
postulated as the Weber fraction for 
reproducing longer time intervals, and, 
as in the preceding figures, is tenta- 
tively set at 0.036. Shown as circles 
on Fig. 4 are the means for the stand- 
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ard deviations of samples for Ss in the 
preceding experiment. On this display 
these circles are seen to fall along the 
chance function, then to decline, and 
once again to rise for longer intervals. 
Triangles show the trend in ND's 
standard deviations. For the brief in- 
tervals they fall along the chance line, 
then for intervals greater than about 
ł sec. they improve. RE, on the other 
hand, shows nothing better than a ran- 
dom performance even at 4-sec. inter- 
val. Somewhere beyond } sec. some 
degree of synchronization becomes pos- 
sible, and at 4 sec. he has improved so 
that he is significantly better than 
chance, 

If one extrapolates from these data 
on the basis of the performance of the 
three Ss in the earlier experiment and 
on the assumption of the operation of 
the M and C limits, one would guess 
that ND would hold to his score as the 
interval was made somewhat longer, 
and then the error would increase for 
intervals 1 sec. and more in length. 
What RE might show in the range 
from $ sec. to 1 sec. is more in doubt, 
but presumably for intervals longer 
than 2 sec. his error again would grow 
with interval increase. 

The data for ND and RE demon- 
strate that synchronization with one of 
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Fic. 4. Error (standard deviation) in 
seconds as a function of interval between 
flashes. Note log scale for both ordinate 
and abscissa. 
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a series of fast-paced auditory events 
is much better than for visual eventa 
With visual stimuli, there is an upper 
limit encountered at rates as slow a 
three or four per second for some Ss 
The limiting rate depends upon the 
sensory channel. The upper auditory 
limit for ND and RE was not de 
lineated, but presumably one would 
have appeared somewhere in the range 
from seven to ten stimuli per second. 
The limiting rate for synchronizing 
with visual stimuli varies from one $ 
to another. 


SUMMARY AND Discussion 


In all the data on synchronization 
errors, variability tended to remain 
above the low figure reported for the 
variability in simple reactions to com 
spicuous visual flashes. The point can 
be made with confidence, particularly 
because one S$ participated in both 
kinds of experiments. To return t0 
the reasoning in the introduction, the 
data on synchronization errors show 
the variability in the central triggering 
and motor execution independent of 
any variability in sensory processing 
but compounded instead with the 
variability in anticipatory mechanism 
Either the latter variability is substan- 
tial, and different for an auditory- 
motor coordination than for visual 
motor, or perhaps the entire line 
reasoning is unsound. In any cas 
simple reactions to singly appearing 
strong stimuli by a well-trained, alett 
subject are less variable than are a 
tempts to react in synchrony W! 
one of a series of regularly repeat 
stimuli. 

The radical improvement that ens 
from using auditory rather than vis 
inputs brings up an interesting spect 
tion. Perhaps possibilities for U 
the ear instead of the eye for som 
tracking tasks might be explored profit: 
ably. Noble, Fitts, and Warren (1959) 


fe difficulty in anticipating and 
“compensating for simple repetitive mo- 
tion of visual signals when rates be- 
game fast. They present an hypothesis 
to account for the failure. The hy- 
thesis is interesting here for its em- 
oem upon central features rather than 
apon peripheral considerations of the 
second and eighth cranial nerve activ- 
ity. The hypothesis included an as- 
Sumption that S had a fixed sampling 
| period for observing outputs, and since 
this period was independent of fre- 
quency, phasing errors (synchroniza- 
error) would increase with fre- 
quency. The demonstration here that 
$ynchronization error depends on sense 
modality suggests that perhaps Noble, 
and Warren would have found 
higher rate limits if, for example, their 
tracking task had required S to com- 
pensate for shifts in the pitch of tones 
or in the locus of clicks, or in other 
Variations that might be introduced in 
a continuing auditory input. If Ss 
could track such signals at fast rates, 
Noble, Fitts, and Warren might be 
able to infer a shorter sampling period 
With auditory cues than with visual. 
< Perhaps the data here have some 
faring upon musical performance. 
For example, the time error in syn- 
chronizing is fairly constant over the 
range most commonly used in music. 
But relative error depends on the tempo 
eing, for example, at a much lower 
level for stimuli falling between 60 and 
20 per minute than for faster tempos. 
The simple theory presented in the 
introduction appears to describe the 
Some motor coordination effect 
fixes a limit to the accuracy with which 
One can synchronize. No evidence was 
found to show that this limit varies 
from voice to hand to finger or to toe, 
of course, the failure to find a 
erence is not conclusive concerning 
Whether different motor units might 
different limits. Some sensory 
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effect fixes the fastest rate at which 
events can be followed. As an inter- 
esting coincidence, the motor limit and 
the function showing the sore for en- 
tirely random responses intersect some- 
where in the vicinity of a rate of 10 to 
15 stimuli per second—a rate not much 
faster than the 7 to 9 that appears to 
be the auditory limit for reporting 
number of stimuli, Finally, with long 
intervals, the error in synchronizing 
comes to depend upon skill in remem- 
bering and reproducing time intervals. 

The point of intersection between the 
hypothetical function denoting the mo- 
tor limit and that for the central or 
memory factor falls at approximately 
} sec. In the notation used heretofore, 
the value for the interval at which the 
intersection occurs is M/C. Accord- 
ing to the data, 0.018 sec. is a rough 
approximation for M and C is about 
0.036, so M/C is about $ sec. One- 
half second is precisely the figure re- 
ported by Vince (1948) to be required 
for separating events in time so that 
rapid discrete simple reactions may be 
made, It appears from this study that 
whenever the interval between regu- 
larly spaced events exceeds f sec., some 
memory factor enters into attempts to 
synchronize. These facts might be re- 
int ed as meaning that 4 sec. is 
the optimal interval to permit single 
stimuli to register in the central nervous 
system if one desires to achieve both 
a maximum effect from the stimulus 
and the shortest interval between that 
stimulus and a succeeding one without 
intrusion of extraneous factors. Re- 
garded in this fashion, the results per- 
haps have some significance for condi- 
tioning theory. White and Schlosberg 
(1952) demonstrated that }-sec. in- 
terval is optimal for the delay between 
conditional and unconditional stimuli 
when a long-latency unconditional re- 
sponse is involved. Earlier studies had 
shown this to be the most favorable 
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interval for short-latency responses; 
the study by White and Schlosberg was 
important because it settled the ques- 
tion whether the significant temporal 
relationship was between the condi- 
tional stimulus and the unconditional 
response or between the conditional 
and unconditional stimuli. Evidently 
the stimulus-stimulus interval is the 
item of significance, and Vince's study 
and the one reported here indicate the 
optimal interval should be approxi- 
mately 4 sec, It is. 
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TOWARD EMPIRICAL BEHAVIOR LAWS 
I. POSITIVE REINFORCEMENT ' 


DAVID PREMACK 
University of Missouri 


This account of reinforcement is 
‘based upon a generalization, not a the- 
ory. Few cases underly the generali- 
zation, but that which is generalized to 
are measurable properties of behavior. 

If accurate, the present generaliza- 
tion will provide: first, an explanation 
of reinforcement; second, a criterion 
for evaluating the logical need for moti- 
vation constructs; and third, a possible 
basis for an empirical quantitative ac- 
count of learning. This first paper, 
however, deals mainly with positive 
reinforcement. Learning, motivation, 
and the aversive case require inde- 
pendent treatment, though some refer- 
ence to these topics will occur here. 


Tue Rate DIFFERENTIAL: A NECES- 
SARY AND SUFFICIENT CONDITION 
FOR REINFORCEMENT 


The account is based on the assump- 
tion that the nature of reinforcement 
can be discerned by taking two re- 
Sponses (Rs) of the organism, arrang- 
ing both of the possible contingencies 
between them, and noting what differ- 
entiates between the contingencies in 
which reinforcement does and does not 
occur. 

A hypothetical example is provided 
by using a rat, the bar press, and the 
ingestion of pellets. If by reinforce- 
ment we mean, for the moment, the 


‘This paper was prepared during the 
author’s tenure as a USPHS postdoctoral 
_ Fesearch fellow. Part of this paper was read 
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letroit, May 1958, in a symposium on rein- 
forcement. I am deeply indebted to my wife, 
Anne James Premack, for her assistance 
With both the formulation and clarification 
of this account, 


traditional increase in frequency of an 
R, the experiment will require two 
preliminary measures: (a) the rate of 
the bar press when the bar is available 
to the rat, which we will call the inde- 
pendent rate of bar pressing; and (b) 
the rate at which pellets are ingested 
when they are available to the rat, the 
independent rate of pellet ingestion. 
Given the independent rates of both 
bar pressing and pellet ingestion, the 
experiment proceeds by arranging both 
contingencies: (a) the availability of 
a pellet contingent upon a bar press, 
and (b) the availability of the bar con- 
tingent upon the ingestion of a pellet. 
Consider that the former produces a 


that of the independent rate. 
conclusions may be drawn as to the 
determinants of reinforcement? 

Conclusions based upon the litera- 
ture will include : need reduction, drive 
reduction, sensory stimulation, inges- 
tive behavior per se, all combinations 
of the above. If, however, the conclu- 
sion is based solely upon the experi- 
mental outcome, it may read as follows: 
Reinforcement results when an R of a 
lower independent rate coincides, within 
temporal limits, with the stimuli gov- 
erning the occurrence of an R of a 
higher independent rate. 

A further consideration arises as a 
result of having measured the inde- 
pendent rates of both the bar press and 
ingestion. The rate at which pellets 
were ingested when contingent upon 
the bar press may approach the inde- 
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pendent rate of pellet ingestion; the 
two rates could not be equal in all 
cases because of the bar press itself, 
but the former might approach the 
latter as the limiting case. Now, if 
the above were so and each bar press 
were followed by the ingestion of a 
pellet, the rate of the pellet-contingent 
bar pressing would tend to equal the 
independent rate of pellet ingestion. 
As it turns out, the proportionality is 
not that simple; the independent rate 
of the higher R does not limit the con- 
tingent rate of the lower-rate R, etc. 
Nonetheless, the following possibility 
is of heuristic value: In the idealized 
case, the dependent or contingent or 
acquired rate of the lower-rate R tends 
to equal the independent rate of the 
higher-rate R. 

Are these the only possible conclu- 
sions? They may be if only the one 
case is considered. But if we assign 
as great a weight to the negative as to 
the positive finding, and take an induc- 
tive leap, we may conclude as follows: 
Any response A will reinforce any 
other response B, if and only if the 
independent rate of A is greater than 
that of B. 

This is the induction that will be 
examined here; not proved, the evi- 
dence to be presented is altogether in- 
sufficient, but examined for the defini- 
tion of terms, implications, and, briefly, 
for quantification possibilities. 


Test METHODS 


A test of this account concerns three 
main questions. First, is a rate differ- 
ential a sufficient condition for rein- 
forcement? Second, will the effective- 
ness of the differential vary as different 
variables constitute the rates of the Rs 
involved? Third, will the lower-rate 
R attain exactly the independent rate 
of the contingent higher-rate R? The 
latter is not incorporated in the quanti- 
tative version, but is retained here, so 
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as to consider performance factors that 
may disturb equality between the two 
Rs. 

Tests of these questions require in- 
dependent measures of both of the Rs 
involved, but few experiments provide 
this information. In runway studies 
there is no measure of the independent 
rate of the “runway R,” no simple way 
of obtaining such a measure, and typi- 
cally no measure of the R that ter- 
minates the run. Though the Skinner 
box provides in principle for measures 
of both Rs, in practice we have no 
measure of the higher-rate R, viz., in- 
gestion, licking, or, more recently, ris- 
ing up and sniffing the light source 
Methods suited to the present questions 
are described below. Only the first is 
adequate, however, and after both are 
described, advantages of the one will 
be noted. 


Rs Ranked Along a Rate Continuum 


If the independent rates of several 
of an organism’s Rs are determined in 
advance, the Rs can be ranked in terms 
of rate, and the account tested by at 
ranging all possible contingencies be 
tween the ranked Rs. Let A, B, and 
represent any three Rs, with independ- 
ent rates in the order stated. It fol- 
lows from the account that: A will 
reinforce both B and C, C will rem 
force neither A nor B, and B will 
reinforce C but not A. 

Support for the view of reinforce 
ment as an absolute property is given 
by both A and C. Since A is and cs 
not a reinforcer, they exemplify the 
proposition that some stimuli are a” 
some are not reinforcers—in a broa! r 
sense, that species are characterized PY 
a set of stimuli which is and 4 Fe 
which is not reinforcing. The conch 
sion that reinforcement cannot be T 
plained on the behavior level typically 
follows from this view, i.e, fol 
from, first, assigning reinforcement 
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a set of stimuli, and then noting that 
the set cannot be physically charac- 
terized. 

The reinforcement properties of B 
suggest, however, that the absolute 
view is based upon failing to consider 
the rate of the would-be reinforcing R 
relative to the rate of the to-be-rein- 
forced R. B shows this well since, if 
the account is accurate, B both is and 
is not a reinforcer. The reinforcement 
properties of B suggest, therefore, that 
“Is this stimulus a reinforcer?” re- 
quires the further question “With re- 
spect to what Rs?” (In the present 
terms, if the rate of the R governed by 
the stimulus in question is greater than 
that of the to-be-reinforced R, the stim- 
ulus can be used as a reinforcer.) But 
tests that use only one “instrumental” 
R or that deal solely with rat, inges- 
tion, and usual laboratory parameters 
are unlikely to show the relativity ; this 
combination assures that the independ- 
ent rate of the ingestive R will exceed 
that of the “instrumental” R. Other 
combinations of species, Rs, and pa- 
rameters demonstrate the relativity; 
one which permits reinforcing ingestion 
is shown in a later section. 

The data to be reported here, how- 
ever, are intended largely as a concrete 
example; they concern one subject and 
realize only part of the paradigm. The 
subject is a Cebus monkey, a species 
Kliiver (1933) has described as be- 
ing especially manipulative. The Rs 
ranked in terms of rate are all manipu- 
lation Rs; they were used to show the 
reinforcement of one “instrumental” R 
‘by another, i.e to show that what 
makes an R “instrumental” is a rate 
less than that of the contingent R. 

An apparatus has been devised which 
permits giving the subject a number of 
different manipulanda, either singly or 
in pairs. When used to determine the 
independent rate, the different manipu- 
landa are given to the subject, one at 
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a time, under a standard test condi- 
tion, and with no restrictions upon 
responding, When the manipulanda 
are given in pairs, either one can be 
locked and its operation made contin- 
gent upon the prior operation of the 
other and free manipulandum of the 
pair. Operation of the free member 
releases the locked member, and op- 
eration of the previously locked mem- 
ber restores its own lock. In this way 
a consistent schedule is arranged be- 
tween operation of the free member 
and release of the locked member. 
Only one release of the locked member 
is provided by any number of opera- 
tions of the free member. 

A panel, which holds any one or any 
pair of manipulanda, is bolted to a port 
in the monkey’s home cage, and all 
testing is conducted there. Testing is 
in home cage so as to approximate an 
environment in which unmeasured Rs 
are low and stable. The need for a 
low, asymptotic level of “competing” 
Rs is emphasized by this account; ac- 
cording to it, a competing R of an 
independent rate greater than that of 
the measured R can, by uncontrolled 
contingencies, reinforce the measured R. 

The three Rs used so far are: lever 
pressing, operation of a horizontally 
hinged door, and the bin R in which 
the animal pushes back a light door 
mounted behind a hole and contacts 
an empty bin. The independent rates 
of these Rs were determined by giving 
the subject the appropriate manipu- 
landum on five to ten 90-minute ses- 
sions. The subject was tested daily, 
but each item was given equally often 
daily, on alternate days and every third 
day, so that the mean intertest interval 
per item was about 48 hours. The 
long interval was used to maintain R- 
frequency per item at near maximum 
from test to test. The independent 
rate of manipulation Rs varies with 
several parameters, which will be noted 
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later, but may be kept relatively con- 
stant by the usual controls and by 
avoiding short intertest intervals which 
result in a cumulative decrement. For 
the parameters used, the mean frequen- 
cies were about 20 for the bin, 50 for 
the lever, and 100 for the door. 

The tests described below followed, 
by 24 hours, the determination of the 
independent rates. Six of each kind 
were given daily in the order described, 
except for extinction, where only four 


were run. The tests concern only the- 


door and lever. Because of presenting 
the same pair of manipulanda at only 
24-hour intervals, an over-all decre- 
ment occurred. The reinforcement 
effect occurred despite the decrement. 

First, when the subject was given 
the two manipulanda together, with no 
contingency between them, so that both 
the door and lever were free, the lower- 
rate R appeared to occur at less than 
its independent rate, while the higher R 
occurred at about its independent rate. 
For the six tests, the door averaged 
-about 90, the lever about 36. Whether 
this kind of situation suppresses the 
lower-rate R cannot be evaluated be- 
cause of the decrement associated with 
an intertest interval less than the one 
used to determine the independent 
rates. In the present series, however, 
this control condition served only to 
determine if presenting together pre- 
viously unpaired manipulanda would 
produce an increment in the lower- 
rate R. That no increment occurred 
is the outcome important for the test 
series, 

Second, the lower-rate R was made 


contingent upon the higher-rate R by, 


now making operation of the lever con- 
tingent upon the prior operation of the 
door. The door averaged about 80, 
the lever only about 22. Because the 
higher-rate R tended to occur first and 
relatively often, the lower-rate manipu- 
landum was actually free both from the 
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outset, and for most, of the test period, 
However, each lever press left the lever 
locked. Consequently, the subject 
could not respond to the lower- 
rate manipulandum in its customary 
“bursts,” but could make closely spaced 
lever presses only by alternating higher- 
with lower-rate Rs. The alternation 
did not occur, however. Instead, after 
making a lower-rate R, the subject 
made varying numbers of higher-rate 
Rs, after varying intervals, and then 
returned to the lower-rate R after vary- 
ing intervals. Mainly, this lack of al- 
ternation between free and locked mem- 
bers demonstrates the failure of a 
lower-rate R to exert a controlling 
effect upon a higher-rate R; it con- 
trasts with the alternation which occurs 
when the rate differential is in the 
opposite direction, viz., from low to 
high. Finally, did the lower-rate R 
fail to reinforce the higher-rate R be- 
cause the former did not follow the 
higher-rate R either sufficiently often 
or closely? This possibility cannot be 
ruled out, and finer tests of this point 
are needed. An important considera- 
tion for such tests, however, is that 
reinforcement is witnessed not by oc- 
currence of an R, but by a rate of 
occurrence greater than the independ- 
ent rate. 

Third, the rate differential was ar- 
ranged from low to high by making 
the higher-rate door R contingent upon 
the lower-rate lever press. The lever 
press attained a mean frequency O 
about 120, which contrasts both with 
its original independent frequency 
(about 50) and with that of the door 
R (about 100). Thus the lower-rate 
R was not only increased but exceeded 
the independent frequency of the 
higher-rate R. On the first two tests 
the higher-rate R was notably reduced, 
though it attained its original inde- 
pendent frequency on the last two © 
the six tests. Three factors are notable 
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here. (a) Because of its contingent 
status, the higher-rate R could not 
occur in its usual “bursts”; this may 
account for the reduced rate on the 
early tests, and an accommodation to 
this factor, for the steady increase in 
the higher-rate R that took place across 
the six tests. (b) As the free R, the 
lever press could and to some extent 
did occur in “bursts,” which may ac- 
count partly for the fact that on all 
tests the number of lower-rate Rs ex- 
ceeded the number of higher-rate Rs. 
An average of about 80% of indi- 
vidual lever presses were followed by 
a door R; this represents the alterna- 
tion between the two Rs. The per- 
centage did not increase across tests, 
though there were essentially no 
“bursts” of lever presses in any test 
not directly followed by a door R. 
Hurwitz (1958) has reported a case 
for rats and food-contingent bar press- 
ing where, at an intermediate stage of 
training, bar presses exceeded pellets 
ingested, though the two Rs alternated 
with further training. The ultimate 
performance proportionality between 
the two Rs may be affected by the 
absolute rate of the higher R or by 
the difference between the rates of the 
two Rs. (c) Responding increased 
across this series of tests, in contrast 
to both test conditions above. 

Fourth, extinction was run by re- 
moving the door from the panel, clos- 
ing the port which the door had occu- 
pied with a blank, and giving the 
subject only the lever. This is the 
situation in which the independent rate 
was originally determined. As an ex- 
tinction condition it is blunt: the stim- 
uli governing the higher-rate R are 
grossly absent. Nonetheless, the sub- 
ject pressed the lever at an elevated 
rate (78 and 56) on the first two 
sessions and then dropped progressively 
on the last two sessions to a level 
below the original independent rate. 
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While these data suggest that a rate 
differential is a sufficient condition for 
reinforcement, they have been reported 
as the most concrete means of describ- 
ing a test method. Comparable tests 
are being extended to the greater num- 
ber of Cebus now available. 


Measuring Independent Rate in the 
Context of the Test 


In contrast to the method described, 
where the independent rates are deter- 
mined in advance of the contingency 
tests, a second method consists in 
measuring the independent rates in the 
context of the test. For example, the 
runway or choice-point can be com- 
bined with an apparatus that permits 
measuring the rate of the Rs that occur 
in the end boxes. Runway speed can 
then be examined for its relation to 
rate of end-box Rs, or choice-behavior 
for its relation to the difference be- 
tween the rates of the Rs in the two 
end boxes. Since, however, this ac- 
count is stated in terms of rate, it can- 
not treat either runway speed or per- 
cent turns. But even at the level of 
suggestion, data obtained with the sec- 
ond method may be misleading in their 
interpretation for this account. 

When rates are determined during 
rather than before the contingency 
tests, the resulting data will relate 
number of higher-rate Rs to the de- 
pendent variable, e.g., number of end- 
box Rs to speed of the run. If we 
designate the “runway R” as A, and- 
Rs that terminate runs for groups 
tested with different end-box items as 
B and C, the tests will contrast, say, 
A—BB with A—CCCCC. In the 
first method, however, not more than 
one higher-rate R need follow a lower- 
rate R. In the manipulation case, for 
example, only one door R followed any 
lever press. Consequently, the con- 
trast may be between AB and A 
—>C, where A is a common lower- 
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rate R, and B and C are higher-rate 
Rs with independent rates determined 
in advance of the contingency tests. 
The first method emphasizes, therefore, 
as the second does not, that in order 
to produce an increment in the lower- 
rate R, only one higher-rate R need 
follow the lower-rate R. 

In the light of this emphasis, the 
first method suggests further that one 
contingency, rather than repeated 
trials, between Rs of different inde- 
pendent rates will produce an incre- 
ment in the lower-rate R. That is, 
ifA>B+A—>B+A-—>B,etc., pro- 
duces an increment in A, so will A 
—B. In the manipulation example 
above, this suggests that one contin- 
gency between the lever press and door 
R will produce an increment in the 
lever press, the increment to be evalu- 
ated by comparing an extinction meas- 
ure with the previously determined 
independent rate. Except as discon- 
tinuities are considered either at the 
level of number of contingencies or 
interval between contingencies, one 
contingency between one lower- and 
one higher-rate R would be considered 
to produce an increment in the lower- 
rate R. 

Especially for quantification possi- 
bilities are these important considera- 
tions. If single contingencies are ef- 
fective, then the differences between 
mean rates, which we are using here, 
can not be made the basis of reinforce- 
ment. That is, since the single R 
cannot have a mean value, a function 
relating changes in the lower-rate R 
to some relation between lower- and 
higher-rate Rs must employ R values 
other than mean rate. Considerations 
of this kind, however, concern learning 
rather than performance. For the 
data treated here mean rate will suf- 
fice; the measure may be viewed as 
an approximation of whatever R value 
may serve ultimately to permit the 
kind of function that is being sought. 
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REINFORCEMENT OF CoNSUMMATORY 
Rs 


It follows from this account that 
consummatory Rs are reinforcible, pro- 
vided that a condition can be found in 
which the organism’s rate of, say, in- 
gestion is less than the rate at which 
it performs some nonconsummatory R. 
This rate relation, however, is the re- 
verse of the one which obtains in the 
usual laboratory test. There the “in- 
strumental” R is a noningestive R, the 
contingent R a consummatory R, and 
the rate relations such that the latter 
is substantially higher in independent 
rate than the former. The food depri- 
vation, which is part of the usual test, 
assures a high independent rate of 
ingestion. Though it may also in- 
crease the independent rate of the “in- 
strumental” R, the increment given the 
latter will not offset the advantage of 
the ingestive R, since particularly the 
maximum independent rate of inges- 
tion will exceed that of the “instru- 
mental” R. To use ingestion as the 
“instrumental” R, however, requires 
that it now have an independent rate 
less than that of the contingent and 
would-be reinforcing R. The ease of 
establishing this condition appears to 
vary with the species. 

In the rat, and perhaps the rodents 
generally, the difficulty begins with the 
fact that ad lib. maintenance does not 
lead to a rate of ingestion which is less 
than the independent rate of the com- 
mon and engineerable nonconsumma- 
tory Rs. The momentary rate of the 
rat’s ad lib. eating session is unusually 
constant (Baker, 1952), and this con- 
stant tends to be higher than the maxi- 
mum independent rate of, say, the bat 
or light-contingent bar press, at least 
for those values of food, bar, and light 
intensity which we have tried. While 
there may be a low-rate food and high- 
rate light intensity which together W! 
yield a reversal of the customary "atè 
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relations between ingestive and non- 
ingestive Rs, we have not found the 
values. 

Moreover, reducing the ad lib. eating 
constant by a deprivation technique 
does not facilitate the reinforcement of 
eating. By first depriving the rat of 
food, a low eating rate can be ob- 
tained; following deprivation the rat 
does not eat at a constant rate, but 
under some circumstances begins at a 
value greater than the ad lib. constant 
and terminates at a very low value 
(Baker, 1952). However, when the 
terminal eating rate is low, the inde- 
pendent rates of the other Rs may be 
equally low. And if satiation effects 
are broad, reducing the rate of all Rs, 
little reinforcement of any kind will 
be possible. 

Other techniques may work. For 
example, the wheel turn which, in the 
rat, has a substantially higher inde- 
pendent rate than the bar press, and 
which Kagan and Berkun (1954) have 
shown to reinforce the bar press, may 
serve to reinforce ingestion. But the 
difficulty of finding stimulus pairs and 
parameters which will provide the de- 
sired rate relations in the rat com- 
ments merely on a species peculiarity 
of the rat. 

Measures on a Cebus monkey indi- 
cate that parameters can be found un- 
der which the monkey operates some 
manipulanda at a rate greater than 
that at which it ingests most foods. 
Beyond the Cebus, however, the child 
may be the ideal subject. For certain 
age levels and socioeconomic classes, 
the desired rate relations appear to 
obtain within the parameters of the 
child’s daily life. The study described 
below shows that a reversal of the usual 
laboratory rate relations between eating 
and noneating Rs can be obtained with 
the child and, that when it is, eating 
is reinforcible. 

A pinball machine (PBM), rewired 
for continuous operation, and a candy 
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dispenser, the two placed side by side, 
comprised the experimental arrange- 
ment. A PBM was used instead of 
the simpler devices in use with the 
monkeys, since the present purpose 
was less to analyze manipulation than 
to obtain as high a manipulation rate 
as possible. Candy consisted of con- 
stant-size chocolate bits, delivered one 
at a time by a conveyer belt into a dish 
each time the child ate the piece in 
the dish. Thirty-three children, the 
entire first-grade class of a public 
school, served as subjects. Their aver- 
age age was 6,7 years. 

Each child was tested twice, the first 
serving to determine the subject’s rela- 
tive R frequency to the candy and the 
PBM, and the second as the test of 
the hypothesis. Both tests lasted 15 
minutes and used the same materials; 
the second was given three to four days 
after the first. 

On the first test, both the candy and 
PBM were unrestrictedly available. 
The child was led to a position mid- 
way between the two devices and told, 
“We have two games here; you can 
play both of them as much as you 
like.’ After demonstrating both de- 
vices, the experimenter said, “PI be 
back here sitting down,” and then re- 
tired behind a one-way viewing screen. 
Sixty-one per cent of the children made 
more PBM responses than they ate 
pieces of candy. In Table 1, they com- 
prise the larger group labeled “manipu- 
lators”; those labeled “eaters” repre- 
sent the 39% who ate more pieces of 
candy than they made PBM responses 
(three ties which occurred were scored 
as “eaters”’). 

On the second test, the availability 
of candy and the PBM were made sub- 
ject to either of two contingency rela- 
tions, E-M or M-E. For E-M, each 
operation of the PBM was contingent 
upon the prior ingestion of a piece of 
candy, whereas for M-E, each piece of 
candy was contingent upon the prior 
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operation of the PBM. Both the 
“manipulators” and the “eaters” were 
randomly divided, and half of each 
main group tested under E-M and half 
under M-E. For “manipulators” E-M 
was the experimental condition and 
M-E the control; the reverse held for 
the “eaters.” What characterizes both 
experimental conditions is that the 
higher-rate R is contingent upon the 
lower-rate R  (“manipulators” must 
eat to manipulate; “eaters” must man- 
ipulate to eat). Control conditions 
make the higher-rate R freely avail- 
able, as in Test 1, and thus provide a 


TABLE 1 


INCREASE IN Lower RATE RESPONSE FROM 
First to Seconp Test 


Manipulators 
M-E 
(Exp.) (Control) 
Increment in number of pieces of candy 
eaten per subject 
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E-M 
(Control) 


Increment in number of PBM responses 


per subject 
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* Child absent on Test 2, 
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measure of changes in the lower-rate 
R which may occur independent of the 
rate-differential contingency. 

Like the magazine-trained rat that 
responds to the inoperative magazine 
rather than pressing the bar, “manipu 
lators” in the experimental condition 
“fiddled” with the inoperative PBM, 
ignoring the candy, while “eaters” 
stood by the empty dish, ignoring the 
PBM. Consequently, because of the 
time-limited session, instructions were 
used to establish the first contingency 
(defined as a PBM response followed 
by the ingestion of candy, or vice versa, 
regardless of the time between the two 
responses). If three minutes elapsed 
without a response, the experimenter 
said, “Remember, there are two 
games.” If this failed, he then said, 
“I wonder what would happen if you 
ate a piece of candy? Played the 
PBM?” according to whichever was 
appropriate. Once a contingency ot 
curred, nothing further was said. 

The results are shown in Table 1 in 
terms of the increase in the number of 
lower-rate Rs from the first to the 
second test. For “manipulators” this 
is the increase in number of pieces of 
candy eaten; for “eaters,” increase In 
number of PBM responses. As may 
be seen in Table 1, control-condition 
increments are small compared with 
those for the experimental condition, 
and the mean differences within both 
main groups are significant at less 
than the 1% level of confidence. In 
both cases, a rate-differential contin- 
gency increased the frequency of the 
lower-rate R: While candy reinfo 
manipulation for the “eaters,” the PB 
reinforced eating for the “manipula- 
tors.” A 

More elegant demonstrations with 
nonverbal organisms are needed, 
the above results suggest that the 
uniqueness of consummatory Rs does 
not consist in their unreinforcibility. 
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They may be distinctive in the high 
rates which they attain relative to the 
other Rs, though the rate relations pos- 
sible for the different Rs appear to 
vary with the species. For example, 
Lorenz (1957, pp. 129-175) has noted 
that stalking in certain predators com- 
monly attains, in present terms, an 
independent rate greater than that of 
ingestion. As a survival mechanism, 
perhaps there may be, however, a num- 
ber of parameters in all species under 
which the independent rate of ingestion 
exceeds that of the other Rs. 

Finally, the above study is of interest 
for its suggestions concerning the rela- 
tivity of reinforcement. That species 
are not characterized by a specific set 
of reinforcing stimuli, and that this 
mistaken absolute view has resulted 
from failing to consider the rate of the 
would-be reinforcing R relative to that 
of the to-be-reinforced R, are main 
suggestions of the study. Indeed, that 
reinforcement is not only a relative 
property but, in some instances, a re- 
versible one is also indicated. For 
example, there would seem little doubt 
but that with sufficient food depriva- 
tion “manipulators” would become 
“eaters” and, consequently, that the R 
which had been “instrumental” could 
be made reinforcing, and vice versa. 
A comprehensive treatment of both the 
relativity and reversibility is reserved 
for a later paper. Here the main point 
is simply this: Any stimulus to which 
the species responds can be used as a 
reinforcer, provided only that the rate 
of the R governed by the stimulus is 
greater than that of some other R. 


“Drive” 
Effect of the Intertest Interval 


+ While the broad effects of food dep- 
tivation are apparently unique, the ei- 
fect of the interval between feeding 


sessions specifically upon ingestion may 
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life. For a nonconsummatory R, the 
wheel turn tends to have these charac- 
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teristics in the rat. Slonaker (1926) 
has reported that rats turn a continu- 
ously available wheel at a substantial 
rate during about two-thirds of their 
life. Moreover, the decrement in the 
wheel turn reported to occur across 
repeated tests (Hill, 1956) does not 
distinguish the wheel turn from inges- 
tion. We have found rats to ingest 
significantly more of a new food on 
the first than on succeeding days; when 
shifted from ad lib. lab food to Gaines 
dog meal, rats ate a mean of 19.98 
grams the first day and only 14.19 
grams by Day 14 (p < .01, F = 2.41, 
df 13/143); across days decline has 
been found also for Noyes pellets. On 
the basis of these parallels, Premack 
and Premack (1958) studied ad lib. 
food consumption as a function of dep- 
rivation for a continuously available 
activity wheel. When deprived of the 
wheel, rats ate significantly more than 
they had when the wheel was available 
and than a control maintained without 
the wheel. In two replications, grams 
intake attained a maximum on about 
the third post-wheel deprivation day, 
and intake did not return to baseline 
for about 14 days. 

What seems most likely to distin- 
guish food deprivation from depriva- 
tion for stimuli governing noningestive 
Rs are the different relations within 
the stimulus classes. Let A, B, C, and 
D subsume the members of the food 
class. Though no data can be found 
on this point, it seems probable that 
organisms deprived of the class, and 
tested on, say, A, would ingest more 
of A than a control maintained on B, 
C, and D, and tested on A. In the 
case of nonfood stimuli, however, de- 
priving for increasing amounts of the 
stimulus class appears to reduce the 
over-all response level. Ochocki and 
Premack (1958) maintained one group 
of rats in the colony, another group in 
light-tight, sound-treated icebox hulls, 
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and tested subgroups of both main 
groups on the light-contingent bar press 
at intervals of 3, 12, and 48 hours. 
While responding was an increasing 
function of the intertest interval for 
both main groups, frequency was sig- 
nificantly lower at all intervals for the 
stimulus deprived group. 


“Drive” 


Whereas in the Hull-Spence system, 
hours of food deprivation is related to 
D, and D ultimately to performance, in 
this account hours of food deprivation 
is first examined for its effect upon the 
independent rate of ingestion. Subse- 
quently, the independent rate of inges- 
tion is examined for its effect upon 
lower-rate Rs that lead to ingestion. 
Though tradition has set the ingestive 
case off, by calling it “drive” or “moti- 
vation,” in this account the effect of 
the ingestive contingency does not dif- 
fer in modus operandi from that of any 
higher-rate R—manipulative, locomo- 
tive, or sensory—upon the paired 
lower-rate R. 

Of the paradigms which can be used 
to test the reinforcement generaliza- 
tion, the one most relevant to the usual 
“drive” study is the following: The 
same higher-rate R, when at different 
values of independent rate, is made 
contingent upon a common lower-rate 
R. Thus, in the customary “drive” 
study the higher-rate R for all groups 
is ingestion, and the differences in 
hours of food deprivation represent 
possible differences in the independent 
rates of ingestion for the several 
groups. This paradigm contrasts with 
one in which different higher-rate Rs 
are made contingent upon a common 
lower-rate R, but the prediction made 
by the reinforcement generalization 16 
the same for both paradigms, viz., the 
increment in the lower-rate R will be 
greater, the greater the independent 
tate of the contingent higher-rate R. 
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Because the intervening variable ap- 
‘ proach has dominated the field, little 
` data relevant to this account can be 
found. The literature shows two sepa- 
rate approaches: (a) determinants of 
the independent rate of ingestion, and 
(b) effect of hours of food deprivation 
upon food-contingent Rs, Tests of 
this account require that the two ap- 
proaches be united in the same study. 

Consider as a typical “drive” study 
one in which several groups are differ- 
entiated in terms of hours of food 
deprivation and tested on the same 
food-contingent, lower-rate R. Tocon- 
vert this study into a test of this ac- 
count requires two measures, both of 
which are omitted by the intervening 
variable approach. First, we require 
the effect of hours of food deprivation 
upon the independent rate of ingestion, 
and second, the effect of hours of food 
deprivation upon the independent rate 
of the R that is to be used as the 
“instrumental” R., Food deprivation 
may affect the rate of the “instrumen- 
tal” R before it has been made food- 
contingent in the study, and the effect 
may be different for the several groups. 
Moreover, for certain deprivation pro- 
cedures, hours of food deprivation may 
affect differently the “instrumental” 
and ingestive Rs. 

A recent study by Birch, Burnstein, 
and Clark (1958), coupled with a less 
Tecent one by Bousfield and Elliott 
(1934), approximates the methodology 
of measuring, first, the effect of the 
independent variable upon ingestion 
and, second, the effect of the ingestive 
contingency upon the lower-rate R. 
Together they also provide a bit of 
information as to whether the effect of 
hours of food deprivation is the same 
for the “instrumental” and ingestive Rs. 
_ In both studies essentially the same 
independent variable was used. Rats 
were first maintained for protracted 
Periods on a fixed deprivation schedule 
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and then tested at varying hours after 
their last feeding. The studies differ 
in terms of their dependent variables. 
In what amounts to an extinction meas- 
ure, Birch et al. found that number of 
approaches to the empty feeding device 
was greatest at the previously sched- 
uled feeding time, less for times both 
greater and less than the scheduled 
feeding time. Bousfield and Elliott 
considered the effect of the same vari- 
able upon ingestion itself. They found 
the rate of ingestion, as well as grams 
intake, to be greatest for the group 
tested at the scheduled feeding time, 
less for groups tested at all other times. 
Thus, the relation to hours of food 
deprivation was the same, both for the 
extinction measure of the food-contin- 
gent R and the independent rate of 
ingestion. And in neither case was 
this the monotonic increasing relation 
that has been shown, with other depri- 
vation procedures, to hold for grams 
intake and hours of food deprivation 
(Lawrence & Mason, 1955). 

Birch et al. next tested runway speed 
as a function of the same variable. On 
the first trial, before a run had led to 
ingestion, speed and hours of food dep- 
rivation were not significantly related, 
though there was an indication of in- 
creased speed with greater deprivation. 
However, on the second trial, after a 
run had led to ingestion, runway speed 
was greatest for the group tested at 
the scheduled feeding time, less for 
groups tested at all other times. Thus, 
while comparison of the first-trial re- 
sults with those by Bousfield and Elliott 
suggests that, for this deprivation pro- 
cedure, hours of food deprivation may 
affect differently the ingestive and “in- 
strumental” Rs, once the “instrumen- 
tal” R had led to ingestion it was 
related to hours of food deprivation in 
the same way as was the independent 
rate of ingestion. Taken in sum, these 
results suggest that the independent 
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rate of ingestion is itself the direct 
determinant of changes in ingestion- 
contingent lower-rate Rs, in contrast 
to hours of food deprivation, which acts 
merely to affect the independent rate 
of ingestion, as well as possibly the 
independent rate of the “instrumental” 
R. Moreover, when compared with 
the manipulation example, they suggest 
that the effect of a higher-rate ingestive 
R upon the paired lower-rate R does 
not differ in modus operandi from that 
of a higher-rate manipulation R upon 
the paired lower-rate R. 

Birch et al. placed only two pellets 
in the runway end box; if one had been 


used, we would predict the same group - 


differences. The assumption here, as 
noted earlier, is that an increment in 
the lower-rate R, that is some function 
of the relation between the mean rates 
of the lower and higher Rs, can be 
produced though only one higher R fol- 
lows the lower R. An increment oc- 
curred in the lever press, for example, 
though only one door R followed any 
lever press. Mean rate is being used 
as an approximation, however. If con- 
tingency changes in the lower-rate R 
are to be calculated directly from pre- 
contingency measures of both lower- 
and higher-rate Rs, it is already evi- 
dent that R values other than mean 
rate will be required. 

The broad effects of both food depri- 
vation and satiation are unique, but 
these distinctions notwithstanding, the 
ingestive case is subsumed by the rein- 
forcement generalization on the follow- 
ing grounds, First, a rate produced 
by food deprivation does not differ in 
its reinforcement effect from a rate 
produced by any other operation. Sec- 
ond, the modus operandi of the inges- 
tive contingency is the same as that of 
any higher-rate R. Third, the shape 
of the function for increments in inges- 
tion-contingent lower-rate Rs and hours 
of food deprivation is directly predict- 
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able from the function for the inde 
pendent rate of ingestion and hours of 
food deprivation. If further study 
bears these considerations out, then for 
the inferences of the intervening vari- 
able approach there may be substituted 
measurement of the independent rates 
of the lower- and higher-rate Rs. 


CoOMMENSURABILITY OF BEHAVIOR 


Units 


In the tests of independent rate de- 
scribed earlier, the subject was simply 
given test items under a condition that 
was the same for all items. No re 
strictions were placed upon the items, 
the subject determined its own units 
of responding, and the records, as 
measured, consisted of a succession of 
manipulanda operations, ingestions of 
food units, and, in some unreported 
work, succession of wheel revolutions. 
No criterion for dividing these be- 
havior segments was provided. In 
effect, each segment of unrestricted 
responding was divided by the anthro- 
pomorphic unit, e.g., “lever press, 
“pellet ingested,” etc. Though, at this 
stage, the main justification for these 
R units is that the comparisons 
“worked,” in retrospect it is possible 
to make explicit the assumptions un- 
derlying the choice of units and thus 
to provide a formal criterion for select 
ing the R unit by which to count the 
independent rate of any segment 0 
unrestricted responding. 

The assumption which is here ap- 
plied to all behavior segments generate 
by unrestricted test items is that ea 
segment contains what might be called 
a smallest possible unit (spu). TH 
spu is defined as that unit which giv 
the same amount of responding % n 
given by free responding, when in 10 
stimulus restrictions force the orga 
ism to respond by spu. 

In the ingestive case, spu 
seem to amount to the intact 


would 
chain, 
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ie. to a combination of seizes, bites, 
chews, and swallows which is recur- 
rent throughout the unrestricted seg- 
ment, though make-up of the combina- 
tion may vary with the organism, as 
well as with degree of food deprivation, 
size of pellet, consistency, etc. To treat 
the intact ingestive chain as the spu 
amounts to considering that: if stimu- 
lus restrictions forced the organism to 
respond by discrete chains, in equal 
periods of stimulus availability, it 
would ingest essentially as many pellets 
as when pellets were free and it re- 
sponded by its characteristic multiple 
of intact chains. Tests of this assump- 
tion can be made by more complex 
procedures than were used here; they 
would involve variously restricting both 
the number of food units available at 
any one time and the intervals be- 
tween their availability. However, the 
contingency situation itself amounts in 
part to such a test, since there the 
occurrence of the lower-rate R imposes 
intervals between multiples of the or- 
ganism’s free responding units. Con- 
sequently, if the single intact chain 
were made the contingency unit, and 
the asymptotic amount of pellets in- 
gested in that situation tended to equal 
the amount ingested in tests of unre- 
stricted responding, evidence would 
exist for treating the intact chain as 
the spu. 

To perform the above test requires 
a knowledge of the number of intact 
chains that occur per pellet or multiple 
of pellets. Since pellets vary as to size, 
in order to count the unrestricted in- 
gestive segment by intact chains the 
pellets would have first to be calibrated 
in terms of the organism’s R units. 
The independent rate for the segment 
of unrestricted ingestion would then 
amount to: number of pellets ingested 
per unit time by number of chains per 
pellet or multiple of pellets. Though 
calibration will make some occasion for 
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the direct observation of behavior un- 
avoidable, calibration is unavoidable; 
if the experimenter’s stimulus-effect 
measurement unit were simply equated 
with the R unit, the independent rate 
of the segment could be made to vary 
with the choice of food units. 

Seizing, biting, chewing, etc., cannot 
be used to count the independent rate 
of the unrestricted ingestive segment, 
except as the correlation between cer- 
tain of these units and the intact chain 
is known. In the context of unre- 
stricted ingestion, it may be expected 
that the smaller units do not occur at 
their independent rate. Seizing may 
be affected by biting, biting by chew- 
ing, etc., though to determine which 
reinforce which others would require 
testing various combinations of them in 
isolation of the rest, insofar as that is 
possible. When tested in isolation, 
each of the smaller units would be 
expected to stabilize at some value of 
independent rate, but in each case at 
values less than that of the intact chain. 

In the context of unrestricted inges- 
tion, certain of the smaller units appear 
to occur multiply within the chain, and 
thus at a rate greater than that of the 
intact chain. The within-chain ar- 
rangement may be such as to schedule 
ratios of certain of the smaller units 
with respect to others; for example, a 
number of chews may antecede a swal- 
low. But that the within-chain rate 
of all such units is dependent, not in- 
dependent, could be shown, presuma- 
bly, either by testing them in isolation 
or, what would amount to the same 
thing, by making any one of them the 
contingency unit. As contingency 
units, seizing or biting or chewing, etc., 
would be expected to fall short of their 
within-chain rates. And, in general, 
when the rate of the contingency unit 
does not approach the rate at which 
the same unit occurred when the unit 
was a part of the segment of unre- 
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stricted responding, there is evidence 
that the segment was not counted by 
the spu, but by some unit of dependent 
rate. 

The manipulation case reported sug- 
gests that single operations of the 
manipulanda may comprise the spu for 
segments of unrestricted manipulation. 
Both rats and monkeys appear to man- 
ipulate in “bursts,” i.e, by multiples 
of lever presses, etc. Nonetheless, 
when the Cebus was given the door in 
contingent status, and thus restricted to 
discrete operations of the door, the im- 
mediate and substantial reduction in 
the door Rs was transient. By the 
fifth contingency test, the door R had 
reacquired its original rate, though it 
was then limited to discrete occurrences 
in contrast to the multiples character- 
istic of unrestricted manipulation. 

An essential parallel between intact 
ingestion and manipulation chains may 
possibly be shown as follows: for man- 
ipulanda which yield different inde- 
pendent rates of operation, contacts to 
the same inoperable manipulanda may 
vary little and in all cases stabilize at 
independent rates substantially less 
than those for operations. Indeed, in 
the Cebus the generally high manipu- 
lation rate may make it possible to 
schedule, say, lever presses with re- 
spect to lever contacts. Though spe- 
cies may adapt to disrupted multiples 
of intact chains, the adaptability can- 
not be thoroughgoing. Instead, for 
repeated tests at the same intertest in- 
tervals, different movements of the spe- 
cies may be expected to stabilize at 
different independent rates. Work 
of this kind would further the bril- 
liant, pioneer investigations by Schiller 
(1952) concerning species-specific 
movements in the chimp, and the rele- 
vance of these movements to what has 
been called insight. 

In locomotion a blind, empirical ap- 
proach is necessitated by the relative 
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absence of anthropomorphic units com 
pled with the difficulty of observation 
With the rat and the activity whee 
the spu may possibly be found by test- 
ing across a series of decreasing stime 
lus restrictions. Starting with a small 
fraction of a revolution, the distance 
the wheel is made available on any one 
operation may be gradually increased, 
until a per operation distance is found 
which, in equal periods of wheel avail- 
ability, yields a total distance of us 
equal to that for the unrestricted wheel 
If such a unit exists, then the inde 
pendent rate of the segment for um 
restricted wheel turning would amount 
to: number of revolutions per unit 
time by number of spu’s per revolution 
or multiples of revolutions. This tech- 
nique would accommodate differences 
in wheel diameters, and would not 
require topographical calibration of the 
measurement unit. 

A different and more general ap 
proach to the problem of determining 
the independent rate for behavior seg- 
ments lacking in anthropomorphic units 
has been suggested by MacCorquo- 
dale? In brief, the method consists if 
first ranking Rs that are easily counted. 
Provided the reinforcement generaliza- 
tion holds across the group of ranked 
Rs, their rate continuum is then used 
to locate the independent rate of arbi- 
trary units taken from behavior seg 
ments that are difficult to count. 

Finally, that rate is a property com- 
mon to disparate movements and that 
a method may possibly be found for 
assigning but one value of independent 
rate to any segment of unrestri 
responding are themselves of little com 
sequence. Advantages depend upon 
using the common property as the bas!* 
for a function, for only then do 
disparate movements become commen- 


2K. MacCorquodale. Personal communi 
cation, November 1958. 


in terms of their values for 
common property, 
The function that is entailed by the 
reinforcement generalization is nonspe- 
, though within the limits of that 
nction there is a definite commensur- 
lity between the different Rs. Be- 
use the generalization treats a rate 
ferential as a sufficient condition for 
inforcement, ranking the Rs of an 
ism in terms of their independent 
fates should permit predicting which 
Rs will reinforce which others. Only 
R with the highest independent 
should be a universal reinforcer, 
the lowest R fail to reinforce any 
R, while those intermediate on 
continuum should reinforce all 
those below themselves and be rein- 
forced in turn by all those above. 
loreover, all Rs of like independent 
Fate would be equal; they would rein- 
the same lower-rate Rs and be 


higher-rate Rs. 
onspecific, however, in that it does 
ot permit specifying the dependent 
fate that will be attained by the lower- 
Fate R. And what is being sought is 
the function that will permit calculat- 
ng dependent rate from measures of 
he independent rates of the two Rs 
involved in any instance of reinforce- 
nent. 
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A FUNCTIONAL ANALYSIS OF AUTHORITY‘ 


J. STACY ADAMS anv A. KIMBALL ROMNEY 
Stanford University 


An important segment of social in- 
teraction that requires systematic anal- 
ysis is the behavioral control of one 
person over another: in other words, 
authority. The purpose of this paper 
is to analyze this type of interaction for 
the dyad, showing of what variables it 
is a function. 

Authority, as defined below, is seen 
as a special case of verbal behavior as 
analyzed by Skinner (1957), and is 
consonant with his definition of the 
“mand.” Thus, the analysis of au- 
thority will make fundamental use of 
the concept of the reciprocal reinforce- 
ment of behavior. The general aim is 
to carry through an analysis of the 
dyadic situation, and simple exten- 
sions of it, that specifies the conditions 
that are relevant to the occurrence of 
“authority behavior” and the variables 
of which such behavior is a function. 

We begin with a definition of au- 
thority. A basic paradigm of an au- 
thority sequence will then be given and 
the variables of which such an au- 
thority sequence is a function will be 
discussed in detail. Finally, functional 
relationships between authority se- 
quences will be analyzed. 


DEFINITION oF AUTHORITY 


We define authority as follows: Per- 
son A has authority over Person B, 
in a given situation, when a response 
of A, under the control of deprivation 
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at the University of New Mexico, Summer, 
1958, sponsored by the Behavioral Sciences 
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or aversive stimulation and specifying 
its own reinforcement, is reinforced 
by B. 

This definition implies that authority 
is a social relation under the dual or 
reciprocal control of both A and B. 
It is social in the sense that it requires 
behavior on the part of both A and B 
and that the behavior of A constitutes 
a stimulus for B and vice versa, For 
the relation to be maintained, B’s be- 
havior must be reinforcing for A and 
A’s behavior must be reinforcing for 
B. As will be discussed later, the 
controlling relation of A over B may 
be enduring or temporary, and it may 
extend over a large or small range of 
B’s responses. 

The relation of authority is asym- 
metrical in that A’s initial response 
(such as a command, request, sugges 
tion, etc.) specifies its own reinforce- 
ment, whereas B’s does not. The 
reinforcement is provided by B’s tê 
sponse, if the response reduces the 
state of deprivation or withdraws aver 
sive stimuli for A. For the mam 
tenance of the relationship B’s respons¢ 
must be likewise reinforced by A, but 
the reinforcement is not specified as ™ 
the case of A. A 

The phrase, “in a given situation, 
indicates that the authority relation 1$ 
not assumed to be a general one be 
tween individuals regardless of tm 
and place. Authority is learned @ 
specific situations, although it may later 
be transferred to other situations by 
such processes as stimulus inductio 
The phrase also implies the reversi 
bility of the relation from one situa- 
tion to another. This reversibility may 
violate the usual definition of and fè 
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ing for “authority.” For example, one 
readily accepts the notion of a father’s 
authority over his son, while one would 
balk at a statement of a child’s “au- 
thority” over his father. Yet, precisely 
the same functional relationships may 
hold in both cases, as we shall demon- 
strate. It is, therefore, both rigorous 
and useful to speak of a person’s hav- 
ing “authority” over another whenever 
the same relationships are found, even 
though this practice might do violence 
to everyday usage. 

The clause, “under the control of 
deprivation or aversive stimulation,” 
indicates that it is not sufficient to 
know only the topography of the re- 
sponse of A, but that it is also neces- 
sary to specify the controlling variables 
of the response of A. For example, if 
A says, “Water, please,” in the pres- 
ence of B, we must know whether the 
controlling variable of that response is 
water deprivation or some other depri- 
vation, or whether it is aversive 
stimulation. 

When it is said that the response of 
A specifies its own reinforcement, we 
assume that there is “communication” 
between A and B. Not only does the 
presence of B, in part, set the occasion 
for the response of A, but the rein- 
forcement of A’s response is contin- 
gent upon a response by B. Thus au- 
thority behavior is necessarily verbal 
behavior as defined by Skinner (1957), 
ie. behavior the reinforcement of 
which is contingent upon stimulation 
of and response by another individual. 
The definitions of all other terms used 
in the analysis closely follow the be- 
havioral, empirical definitions given by 
Verplanck (1957). 


Basic PARADIGM OF AN 
AUTHORITY SEQUENCE 


_The central idea in authority rela- 
tions is that of the reciprocal control 
and reinforcement of behavior of two 
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persons. Basically, the paradigm is 
that a response of one person, A, is 
reinforced by another person, B, and 
that, in turn, the reinforcing response 
of B is, itself, reinforced by A. Such 
an interaction will be called an au- 
thority sequence. An example is the 
situation in which Person A asks B for 
water and B complies by giving A 
water. Figure 1 gives an illustration 
of the process. The figure is divided 
into two parts, the top half repre- 
senting stimuli and responses directly 
related to Person A, while the lower 
half pertains to Person B. The inter- 
action between A and B begins at the 
far left of the figure with A in a state 
of deprivation and in the presence of a 
discriminative stimulus, Sa and Spg”. 
These stimuli set the occasion for the 
response R41, “Give me water.” Sq is 
the stimulus, presumably physiological 
in the example, that results from water 
deprivation. Sy? is the discriminative 
stimulus resulting from B’s presence 
in A’s environment. Sp?” is a discrim- 
inative stimulus with respect to Rar 
in this illustration by virtue of previous 
conditioning. The response, “Give me 
water,” would not occur unless A were 
thirsty; nor would it occur unless 
someone were present to give A water. 
In some sense, Ra: is “appropriate” 
only in the presence of Sa and Sa”, 
and these stimuli may therefore be 
viewed as “setting the occasion for” 
and as having control over Ra. As 
will be seen, this control is not exclu- 
sive, however, for it is the reinforce- 
ment of R4; in the presence of the 
two stimuli that is crucial for the dem- 
onstration of authority. 

Once the verbal command, “Give me 
water,’ has been emitted, tE A 
stimulus to B. Specifically, it is a 
discriminative stimulus, Say”, in that 
it sets the occasion for a response by B 
that is later reinforced. The major 
characteristic of Ra; is that it specifies 
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how B can reinforce it. B is in fact 
“told” that the response, “Give me 
water,” will be reinforced by giving 
water to A. When B gives water to 
A, his response, Rpgı, constitutes the 
reinforcement, Sy," of response R41. 
In addition, Rp: is also a discriminative 
stimulus, Sp,?, that sets the occasion 
for a further response by A. The 
response in this example is, “Thank 
you,” Ras. In turn, Ras, a generalized 
reinforcer, constitutes a reinforcement 
of Rg. Although the reciprocal rein- 
forcement of responses on that part of 
A and B is terminated arbitrarily in the 
present example, R42 itself would need 
to be reinforced by a further response 
of B, perhaps the verbal response, 
“Youre welcome,” or a nod or smile. 
As the dots to the far right of Fig. 1 
suggest, the sequence is theoretically 
infinite, though in practice it is finite. 

The use of only one discriminative 
stimulus (Sz?) is greatly simplifying 
a situation encountered in “real life.” 
The essence of the model is in no way 
affected by this simplification, however. 
Quite complex stimuli could be made 
discriminative—i.e., given “sign” status 
—in an experimental situation, and an 
authority sequence from “real life” 
could be replicated. 

In the illustrative sequence of be- 
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havior presented, it is important to 
note that if the sequence is interrupted 
at any point, predictable consequences 
follow. Assume, for example, that B 
does not give water to A, after A has 
said, “Give me water.” This might 
be because Ry; did not result in a 
discriminative stimulus for B, i.e. it 
had no “meaning” for B because of 
lack of previous learning. Or it may 
be that R41 resulted in a discriminative 
stimulus that set the occasion for a 
response other than giving water, per- 
haps telling A to get his own water. | 
Whatever the reason for not giving 
water to A, the consequence would be | 
for R4ı to undergo some extinction. 
Similarly, if the sequence were inter- 
rupted by A’s not emitting Ras Bs 
response, Ry, giving water, would 
undergo some extinction, with the te 
sult that the probability of Ra's being 
reinforced would be decreased. AS 
before, the probability of A’s emitting 
R4i would then be smaller. In both 
instances where the sequence is intet- 
rupted, it is evident that A’s authority 
over B is decreased, at least in this 
particular situation, It is interesting 
to note that in the first instance the 
decrease in A’s authority is primarily 
“because” of a failure attributable to 
B. In the second instance, howeveh 
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Fic, 1. Authority sequence with initial response under control of deprivation. 
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A’s authority is affected “because” of 
his failure to reinforce B’s response, 
Rm. The use of “because” here is 
very loose, of course; no attribution of 
causality to A and B as persons is 
intended. Their responses are com- 
pletely determined, except on their 
very first occurrence, by their previous 
reinforcement history and by antecedent 
stimulus conditions. 

In Fig. 1, A’s initial response was 
partly under the control of deprivation, 
Instead it could have been under the 
partial control of aversive stimulation. 
For example, B might have been 
making some disturbing noise and this 
aversive stimulus might have set the 
occasion for the response, “Keep 
quiet!” It is also true that B’s re- 
sponse, Rgı, need not necessarily be 
reinforced by the presentation of a 
positive reinforcing stimulus. It could 
have been reinforced by the withdrawal 
of an aversive stimulus or conditioned 
aversive stimulus. Figure 2 shows 
how aversive stimuli might exercise 
control in an authority interaction. 

An aversive noise stimulus, S,°, and 
a discriminative stimulus, S,?, set the 
occasion for the responses R4; and 
Rai, constituted by the verbal re- 
sponse, “Keep quiet!” and an implied 
threat carried by the accentuation and 
intonation of the verbal response. Thus 
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B is presented with a discriminative 
verbal stimulus, 54,”, and a condi- 
tioned aversive stimulus, S4;*°. These 
stimuli set the occasion for stopping 
the noise, indicated in the figure as 
Rm. This response consists of the 
withdrawal of the aversive noise stim- 
ulus, 5,*, and constitutes a negative 
reinforcing stimulus for A, as well as 
a discriminative stimulus, Sm”, setting 
the occasion for a further response. 
The response, in this example, is the 
withdrawal of implicit threat and is 
labelled, —R4,°°. This, in turn, is an 
appropriate negative reinforcing stim- 
ulus for B’s response, Rm. As in the 
previous example, the sequence of be- 
havior is stopped at this point. Thus, 
we have here an interesting case of 
escape conditioning, with an implied 
threat as a conditioned aversive stimu- 
lus, as well as one of avoidance con- 
ditioning with respect to the negative 
reinforcing stimulus inferred from the 
threat. 

In a manner analogous to that pre- 
sented earlier, interruption of the be- 
havioral sequence has implications for 
the authority A has over B. If B, for 
example, does not stop making noise 
(perhaps because of the inadequate 
control of S4:? and S4:%), A’s re- 
sponse, “Keep quiet P will undergo 
some extinction and A’s authority over 
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Fic. 2. Authority sequence with initial response under control of aversive stimulation. 
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3 will be weakened under the partic- 
ular circumstances described. How- 
ever, B’s lack of compliance may of 
itself constitute additional aversive stim- 
ulation for A and thus set the occasion 
for a new response, perhaps, “If you 
don’t stop that noise, you'll suffer the 
consequences,” which may generate 
enough additional aversive stimulation 
for B to make him stop the noise. If 
this occurred, A would maintain his 
authority over B, though at some ad- 
ditional expense. A could, of course, 
alternatively “leave the field,” in which 
case there would be no question of 
authority over B. 

The sequence in Fig. 2 would also 
be interrupted if A did not withdraw 
aversive stimulation after B had com- 
plied with his command. The con- 
sequence would be that Rg; would have 
less likelihood of occurring in the 
future, a fact which would tend to re- 
duce the probability of occurrence of 
Ray and Ry,” and, therefore, would 
tend to reduce A’s authority over B 
in this illustrative situation. As was 
pointed out before, the resulting loss 
of control of A over B might set the 
occasion for new responses by A. 

In both the illustrations given thus 
far, certain assumptions have been 
made which need to be made explicit 
before the implications of the paradigm 
are further explored. Some of the as- 
sumptions concern the discriminative 
status of stimuli. For example, it is 
assumed in Fig. 1 that B is a dis- 
criminative stimulus (S B?) setting the 
occasion for the response, “Give me 
water.” But by definition a discrim- 
inative stimulus is one in the presence 
of which a response is reinforced and 
in the absence of which it is unrein- 
forced. Since A’s response, Raj, is not 
reinforced until some time later, B can- 
not initially be a discriminative stim- 
ulus in the sense of setting the occasion 
for R4;. What is assumed, then, is 
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some previous learning, i.e., some pre- 
vious temporal contiguity of respons 
(Rai) and reinforcing stimulus (Sm) 
in the presence of B. The assumption 
is, however, only one of convenience, 
and what has been said applies to the 
free operant situation as well. If A 
had merely emitted spontaneously the 
response, “Give me water,” in the pres- 
ence of B (and in the context of 
deprivation), and if B had responded 
appropriately to reinforce A’s response, 
the behavioral consequences would have 
been the same as previously discussed. 
The only difference is that B would 
have been a mere stimulus without dis- 
criminative properties. However, on 
subsequent occasions B would have 
discriminative characteristics, assuming 
further that A’s responses had been ut 
reinforced on some occasion when B 
was absent. The same line of reasot 
ing applies to other stimuli which ap- 
pear as discriminative stimuli in the 
figures. ' 
Another assumption is that the re 
ciprocal reinforcement of behavior is & 
finite sequence. It was stated earlier 
that the reciprocal reinforcement S* 
quence in the authority relation may 
theoretically infinite but that we as 
sumed it was finite in practice. The 
assumption is difficult to substantiate 
even though everyday observation sug 
gests that persons in an authority A 
lation do not reinforce each other 
responses ad infinitum. There arè, 4 
course, cases where reinforcement con 
tinues for considerable lengths of p, 
for example the endless exchange i 
bows that occurs when a Weni 
visits a Japanese home. Neverthe pi 
the fact is that in our culture the E 
action usually stops at approximii , 
the point indicated in Figs. 1 am on 
and that extinction is not a CO 
quence. The reason for this may / 
that terminating an interaction, af 
quence at a certain point 1S of 1 


reinforcing in that it avoids aversive 
consequences which would be forth- 
coming were the sequence not termin- 
ated. Thus, for example, in our own 
culture there are conventions about the 
termination of an interaction sequence 
beyond which further responding is 
punished by the use of conditioned 
aversive stimuli. As an illustration, it 
is commonly observed that after com- 
pliance with a request, anything beyond 
a “Thank you” and “You're welcome” 
results in raised eyebrows, a sardonic 
smile, or a look of impatience, which 
may be discriminative stimuli for stop- 
ping the interaction. When the stimuli 
for stopping are not known to one of 
the parties in the interaction (i.e., are 
not discriminative), responding may 
continue for some time, as in the bow- 
ing example above. In some situations 
responding beyond a given point may 
have the aspect of impertinence and 
have appropriate aversive results. Al- 
ternatively, responding beyond a certain 
point is unreinforced by society, and 
an agreed-upon sequence of reciprocal 
reinforcement becomes a discriminative 
nius for stopping to respond fur- 
ther, 


CONTROLLING VARIABLES 


Thus far it has been shown how an 
authority relation between two persons 
can evolve and either be maintained or 
be destroyed. The external events (in- 
dependent variables) of which re- 
Sponses (dependent variables) in an 
authority interaction are a function will 
now be discussed. This will be done 
by grouping variables into general 
classes and discussing instances under 
class headings. The basic A-B inter- 
action paradigm will be used throughout. 


; Reinforcing Stimulus Variables 


Stimulus events that have the prop- 
_ €tty of increasing the probability of 
recurrence of a preceding response are 
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fundamental controlling variables. B's 
giving water to A and A’s saying 
“Thank you” in Fig. 1 are such events 
in that they increase the probability of 
A’s again asking B for water when he 
is later water-deprived, and of B's 
giving A water, respectively, other 
variables remaining constant. In other 
words, certain responses such as “Give 
me water” have consequences which 
empirically increase their probability of 
recurrence and thus in part determine 
the authority A has over B. 

The importance of reinforcing stim- 
uli is more pervasive than has been 
suggested above, however. The dis- 
criminative character of other stimuli is 
dependent upon their being paired with 
reinforcement. Thus, for example, in 
Fig. 1, B’s presence would not con- 
stitute a discriminative stimulus for A’s 
demanding water, unless it had been 
temporally contiguous with the rein- 
forcement of A’s response. Nor, in 
Fig. 2, would A’s verbal command 
“Keep quiet!” be a discriminative 
stimulus for B’s stopping noisiness, 
unless stopping to make noise had been 
reinforced following the occurrence of 
the stimulus resulting from A’s re- 
sponse. It can therefore be seen that a 
reinforcing contingency is necessary 
before a stimulus can acquire discrim- 
inative properties. This is, of course, 
not a sufficient characteristic: It is also 
required that the absence of a stimulus 
be associated with nonreinforcement 
before it can be a discriminative stim- 
ulus. For example, with respect to 
Fig. 1, it would be necessary that A’s 
response, “Give me water,” be un- 
reinforced in the absence of B. f 

The withholding of reinforcing stim- 
uli following a response is the opera- 
tion resulting in experimental extinc- 
tion and, as an observable consequence, 
produces a decreased probability of 
response. Illustrations of this have 


been given previously. 
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The general properties and the im- 
portance of reinforcing stimuli having 
been pointed out, A and B as the agents 
or mediators of reinforcement must 
now be considered. 

A as a reinforcer. A can act as a 
direct mediator of reinforcement or as 
a conditioned reinforcer. As a direct 
mediator he can both present positive 
reinforcers (or conditioned reinforcers) 
and withdraw negative reinforcers (or 
conditioned negative reinforcers). A 
father can reinforce his child for obey- 
ing a command by giving it candy. 


~ The business executive can reinforce 


his secretary's compliance with an 
order by withdrawing an implied threat, 
much as in the example of Fig. 2. In 
a similar fashion the traffic policeman 
reinforces stopping at his gestured 
command by lowering his arm and, 
hence, removing conditioned negative 
reinforcers, _ 

It is evident that, as a direct me- 
diator of reinforcement, A can exercise 
considerable control over B’s behavior. 
But it is also true that, indirectly, he 
exercises control over his own re- 
sponses, for the probability of recur- 
rence of his own responses is in part 
a function of the extent to which he is 
successful in reinforcing B’s responses. 
Other things being equal, then, A is in 
some sense the master of his own 
authority over B. This notion is not 
a new one, but in the present case it has 
the advantage of being systematically 
derivable from the basic model. 

A further derivation is that A’s 
probability of successfully developing 
or maintaining an authority relation 
over B will in part be a function of 
the amount and variety or range of 
reinforcers he has available. The person 
who can mediate reinforcements ap- 
propriate to several states of depriva- 
tion can exercise more authority than 
one who can, say, provide only food 
(e.g, a parent versus a neighbor). 
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The person who has access to a large 
range of aversive stimuli can have 
more authority than one who has not 
(e.g., a company commander versus a 
corporal). From a similar considera- 
tion it also follows that the greater the 
amount and range of reinforcers avail- 
able to A, the greater the range of B's 
responses he can control, other vari- 
ables remaining constant. Thus a 
parent can have wider authority than 
an older sister who can mete out 
limited punishment only and who has 
no money for material rewards. 

As a conditioned reinforcer, either 
positive or negative, A may also ex- 
ercise control over B’s behavior, as 
well as indirectly over his own. Be 
fore he can act as a conditioned rein- 
forcer, however, it is necessary that he 
have acted on previous occasion a 
direct mediator of reiforcement, or, 
at least, that he be similar to someone 
who acted as a reinforcer. The im- 
portant thing to consider is that the 
mere presence of A can reinforce some 
of B’s responses, no direct reinforce: 
ment being given. For example, using 
the illustration of Fig. 1, it is possible 
for A to omit saying, “Thank you, 
and for B’s response to remain at 
considerable strength, provided stimu- 
lus attributes of A Have become con- 
ditioned or generalized reinforcers by 
virtue of A’s having previously, aM 
frequently, reinforced B’s response: 
However, in order for the attributes 
of A to remain effective conditioned re; 
inforcers (and discriminative stimt 
as well), it is necessary that on 0% 
casion A mediate direct reinforcements 
otherwise B’s operant will underg 
extinction. The same applies tO ; 
qua A as a negative conditioned 1° 
inforcer. ane 

B as areinforcer. The distinguishing 
characteristic of B as a reiniotd 
that his reinforcing response has A 
or only a few, degrees of freedom, 
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contrasted with A as a reinforcer. His 
reinforcing response is specified by A, 
by definition. To be sure, the discrete 
topography of his response may vary, 
but its net effect on A is specified. 
Thus, for example, B may get and 
bring water to A in a variety of ways, 
but the giving of water is the essential 
property of the response that will rein- 
force A’s request and, therefore, estab- 
lish or maintain the authority relation. 

In a manner similar to A, B may 
also act as a conditioned reinforcer or 
negative conditioned reinforcer, in that 
the authority relation between the two 
will be maintained or strengthened. 
This presumes, of course, that B, or 
someone similar to B, will have ap- 
propriately reinforced A’s behavior in 
the past under similar circumstances. 

Generalization of A and B as con- 
ditioned reinforcers. It has been 
pointed out that A and B may exercise 
control over each other’s behavior, and 
thus maintain or strengthen an author- 
ity relation, in their capacities as con- 
ditioned reinforcers. It is also true 
that conditioned reinforcement may be 
effected by individuals other than A 
and B who have physical properties 
similar to A and B. Thus, an officer 
never before encountered may act as a 
conditioned reinforcer of an enlisted 
man’s compliance with an order, by 
virtue of the fact that he has properties 
similar to those of other officers who 
have reinforced the same response. 
The dimensions of similarity in this 
example might be the uniform and 
emblems of office; or the relevant 
dimension might be physical char- 
acteristics of verbal operants, 8+ 
“ten shun!” Similarly, the authority 
of policemen is partially maintained, 
even though never before seen per- 
sonally, through stimulus induction. 
How often has one slowed down at the 
sight of an unknown policeman whose 
back was turned? 


Deprivation and Aversive Stimulus 
Variables Affecting A 


As stated in the definition of author- 
ity, A’s initial response (order, com- 
mand, request, demand, etc.) is par- 
tially under the control of deprivation 
or aversive stimulation, other control 
being exercised by discriminative stim- 
uli (e.g., the presence of a B). This 
results. from the fact that certain re- 
sponses of the human organism are 
typically followed by specific conse- 
quences under certain conditions agreed 
upon by the social community, and that 
when this occurs the probability of” 
occurrence of these responses will be a 
function of the deprivation or aversive 
stimulation paired with the’ reinfore- 
ing consequences. Thus the response, 
“Give me water,” has a greater prob- 
ability of occurrence under water de- 
privation than under satiation because 
other organisms are more likely to have 
provided water when A emitted this 
response and was thirsty. It should 
be noted that deprivation and aversive 
stimulation do not necessarily exercise 
control over the response. The con- 
trol results from the fact that other 
organisms are predisposed by “societal 
consensus,” so to speak, to respond in 
certain characteristic ways. This pre- 
disposition of other organisms is anal- 
ogous to certain automatic consequences 
of the nonanimal environment. For 
example, picking and eating an apple 
js automatically reinforcing when the 
organism is food-deprived, though not 
if he is satiated. Thus, food depriva- 
tion would come to control picking 
and eating an apple. A similar line of 
reasoning applies to aversive stimula- 
tion, though in this case reinforcement 
consists in the withdrawal of an aver- 
sive stimulus. i 

The relations holding between depri- 
vation (or aversive stimulation), re- 
sponse topography of A, and reinforc- 
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ing response by B are stated in ideal- 
ized terms. This is especially true with 
regard to A’s response topography 
“specifying” its reinforcement. It is 
conceivable, for example, that the re- 
sponse, “Give me water,” specified not 
a state of water deprivation which 
could be reinforced by water but rather 
a demand for submissiveness on the 
part of B, the state of deprivation 
being for something other than water. 
In such a case the content of A’s re- 
sponse does not clearly specify the ap- 
propriate reinforcing stimulus—at least 
the words used do not clearly convey 
the state of A’s deprivation. However, 
other aspects of the verbal response 
than the words may serve as appropri- 
ate discriminative stimuli for submis- 
siveness (i.e., sheer compliance). The 
imperative mood of the response, for 
example, may serve this function. 
Whether it does this effectively on a 
particular occasion is, of course, a 
function of appropriate previous differ- 
ential reinforcement. To put it some- 
what loosely, it is a function of whether 
B has learned that use of the impera- 
tive mood is a “sign” for compliance 
regardless of the specific content of A’s 
response. 


Discriminative Stimulus Variables 


In the discussion of Figs. 1 and 2 
the role of discriminative stimuli was 
made explicit. We wish to expand the 
discussion at this point and focus spe- 
cifically on the discriminative stimuli 
that control A’s initial response. The 
discriminative stimulus characteristics 
of responses by A and B will be 
omitted, as they are evident. 

Two general groups of discrimina- 
tive stimulus variables controlling A’s 
initial response may be considered, 
stimulus characteristics of B and situa- 
tional stimuli, excluding B. A general 
characteristic of B that may serve as 
a discriminative stimulus is his being 
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an organism with the potentiality of 
responding. Without another person's 
being present, a response by A cannot 
be reinforced, and A cannot exercise 
any authority. There are, however, 
other relevant aspects of B. One is B 
as a particular individual, ie, the 
stimulus characteristics of a B who 
has previously reinforced A’s response, 
as opposed to a B who has not. A sec- 
ond is B as the incumbent in a partic- 
ular role, as an office boy or corporal, 
for example. In this instance char- 
acteristics of B serve as discriminative 
stimuli for a comparatively narrow 
range of responses by A. In other 
instances characteristics of B may set 
the occasion for one class of responses 
only; for example, the elevator boy is 
a discriminative stimulus for the re- 
sponse, “Take me to the sixth,” only. 
Thus we may think of B as having 
discriminative stimulus characteristics 
that exercise control over A’s responses 
with different degrees of specificity. 
The specificity of control exercised is 4 
function of the extent of differential 
reinforcement carried out in the pres- 
ence of particular characteristics. _ 
The second group of discriminative 
stimulus variables are situational vari- 
ables. They include virtually all rel- 
evant stimuli not directly pertaining 
to B. Some situational variables are 
part of the purely physical environ- 
ment. Thus, the request, “Take me t0 
the sixth,” has a low probability of 
being reinforced in the absence of an 
elevator. Similarly, “Give me wa 
will usually have a low probability 0 
occurring without a source of water 1 
the immediate environment. Howevel, 
in an instance of this sort, deprivation 
may become so severe that it exercises 
almost exclusive control. The “Water 
water!” of the wounded soldier on the 
deserted battlefield is an example 
Other situational variables are o? » 
more “social” character in that 
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presence of other persons, or of persons 
having particular types of interaction, 
has a controlling discriminative stimu- 
lus function. Certain kinds of com- 
mands or requests are not issued to 
one’s wife at home in the context of 
a cocktail party (and would go un- 
reinforced, if issued), though they are 
issued and reinforced when just family 
members are present. Orders may be 
successfully given to an employee at 
the office, though not at the country 
club. 

Whether discriminative stimulus con- 
trol is exercised by B proper or by 
situational variables, it will be achieved 
only after differential reinforcement. 
The controlling stimulus variables may, 
of course, be of great complexity and 
require considerable training. For ex- 
ample, an authority response, R41, will 
be reinforced only if Stimuli I, J, . . . , 
or N are present, and if Stimuli B and 
C are present, and if Stimulus R is 
absent. The situation is analogous to 
those encountered in concept formation 
studies (e.g., Bruner, Goodnow, & 
Austin, 1956). In the present instance 
a response is reinforced only in the 
presence of particular stimuli, whereas 
in concept formation studies a response 
is said to be “correct” in the presence 
of some stimulus combinations and “in- 
correct” in the presence of other com- 
binations. 

Since complex stimulus control of 
this type requires considerable training 

_ with differential reinforcement, it fol- 
lows that in early stages of training 
control will be imperfect. Some vari- 
ables, in the absence of others which 
are necessary for reinforcement, will 
exercise some control over a response, 
even though it will not be reinforced. 
It is. also possible that during the 
course of differential training “irrel- 
evant” variables would exercise some 
control over an authority response. 

. This inappropriate control of stimuli 
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results when a response is reinforced in 
the presence of both appropriate dis- 
criminative stimuli and irrelevant other 
stimuli. These stimuli then acquire 
some discriminative stimulus capacity. 
Their control is eventually weakened 
and abolished during further differen- 
tial training. 


Tue FUNCTIONAL INTERRELATION OF 
AUTHORITY SEQUENCES 


The classes of variables of which 
authority is a function have been spec- 
ified for a two-person situation. In 
large groups new problems arise with 
respect to the arrangement of authority 
sequences within the group. The prob- 
lems associated with relating authority 
sequences arise from the basic char- 
acteristics of authority and the presence 
of more than two persons in the total 
situation. This section is addressed to 
these problems and consists of an 
analysis of the ways in which author- 
ity sequences are patterned within the 
limitations imposed by the assumptions 
of authority as outlined in the preced- 
ing section. 

In order for two authority sequences 
to be functionally related, one of the 
following conditions must be met: (a) 
authority sequence, K, or some part 
of it, controls authority sequence, L, ` 
or some part of it; (b) all or some part 
of authority sequences, K and L, are 
under the control of a common (or 
similar) variable (variables) ; and (c) 
two simultaneous initial responses are 
made that specify incompatible rein- 
forcement responses by B. 

For purposes of exposition, these 
will be regarded as distinct cases of 
authority sequence interrelationships 
and will be discussed separately. 


Case I: One Sequence Exercises Func- 
tional Control Over Another 


There are a number of ways in which 
an authority sequence exercises control 
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over a succeeding sequence, but it is 
important to note that an all-or-none 
relationship of control is not implied. 
The whole or any part of an authority 
sequence may control a succeeding se- 
quence. This control may be either 
partial or complete and affect all or 
part of the succeeding sequence. Dis- 
cussion will be limited to two basic 
ways in which two sequences may be 
functionally related. 

Situation where a response in Se- 
quence K controls a response in Se- 
quence L. Authority sequences are fre- 
quently related by virtue of the fact 
that a response in the first sequence 
controls a response in the second. Gen- 
erally speaking, with exceptions to be 
noted, the response by B in the first se- 
quence is the initial response in the 
second sequence. For example, when 
a father orders his daughter to tell baby 
to be quiet, the response of daughter 
saying “quiet” to baby is B’s response 
in the sequence father-daughter, and 
also the initial response in the sequence 
involving daughter-baby. Figure 3 
gives an illustration of how the process 
might operate, 
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A’s response, “Tell Johnny to be 
quiet,” is under the control of aversive 
stimuli from noise being made by the 
baby and of B as a discriminative stim- 
ulus. B’s response of going and tell- 
ing baby, “Daddy says, ‘be quiet, ” is 
under the control of the stimuli of A’s 
initial response, i.e., of a discriminative 
stimulus (S41?) and of a conditioned 
aversive stimulus (S*’) consisting of an 
implied threat of punishment for non- 
compliance. B’s response, Rp, unlike 
responses in the dyadic situation, does 
not directly reinforce A’s initial re- 
sponse, Ry4;. Rather, it constitutes 
stimuli for C to stop making noise, Ro. 
It is C’s response, Rox, that reinforces 
the original response of A, i.e., Rar 
This in turn sets the occasion for A to 
make a response that reinforces B’s re- 
sponse; i.e., R4o(—S*”) constitutes re- 
inforcement for Rp:. The form of this 
response might be the removal of the 
implied threat. In order for the be- 
havior to be maintained, C’s response, 
Rei, must also be reinforced. In the 
figure this response is a discriminative 
stimulus for B, who makes a response 
something like “Good boy,” Rxs, which 
reinforces the response of stopping 


“Tell Johnny 
to be quiet!” 


Sev + Spd 


A (Father) 


Noise 


C (Baby) 


Rar + Re One ae Ole te SCL! 
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Threat 
withdrawn 


Ra2x(— S”) 


F 

E (B) Sar? + Se Rai + RY Sa? 

& “Daddy says Soa? - Rao — S”) 
a be quiet!” “Good boy” 
fas] 


Ra 


Stops 
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Fig. 3. Response-related authority sequences. 


A FUNCTIONAL ANALYSIS oF AUTHORITY 


noise, Rci, by removing an aversive 
stimulus. 

Functionally related series of this 
general sort take many different forms. 
For example, in Fig. 3, it would be 
possible for the second response of the 
father, Ru2(—S%), to take the form 
“Thank you, children” and constitute 
reinforcement for not only the response 
of the daughter, Ry:, but also for the 
response of the baby, Re:. In such an 
event it would be unnecessary for the 
daughter to reinforce the baby. An- 
other very common situation in com- 
mand chains arises when, for example, 
the president of a company asks the 
vice-president for a report, and the 
vice-president asks a department head 
for the report. In this case the depart- 
ment head gives the report to the vice- 
president, who in turn gives it to the 
president. Here the action of the de- 
partment head, C, does not directly 
reinforce any response by the presi- 
dent, but rather of the vice-president. 

An inherent characteristic of situa- 
tions involving a chain of command is 
that there is some delay in the rein- 
forcement of A’s initial response. This 
delay in reinforcement has implications 
for the readiness with which such re- 
sponses are conditioned. Generally, 
conditioning of the response is a de- 
creasing function of the delay between 
response and reinforcement. In prac- 
tical situations there are techniques 
available to “help A across” such a 
time lag by presenting conditioned 
reinforcers during the delay period. 
For example, B can supply comments 
such as, “The report will be ready at 
three,” “Yes, sir,” “Right away, sir,” 
“TIl attend to it immediately,” and so 
on. Periodic “progress reports,” fre- 
quent personal communications, and 
verbal reassurances are probably mani- 
festations of the utility of supplying 
some supplementary conditioned rein- 
forcement to A where the situation in- 
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volves a long delay in reinforcement. 
This is in accord with the findings of 
Perin (1943a, 1943b) and Grice 
(1948) on the effects of removing 
conditioned reinforcers upon the delay 
of reinforcement gradient. 

Situation where a response in Se- 
quence K is under control of Sequence 
L. In this situation the whole of one 
sequence constitutes part of the situation 
for a second sequence. When the sec- 
ond sequence can be shown to be, at 
least in part, under the control of the 
first sequence, then the two sequences 
are functionally related. Considera- 
tion is limited here to the situation in 
which no individuals who are in the 
first sequence are also in the second. 

An authority sequence frequently 
controls a response in another sequence 
either through “imitative” mechanisms 
—that is to say, by serving as a dis- 
criminative stimulus—or by increasing 
deprivation or aversive stimulation. 
Consider, for example, a group of 
mothers and children, where the child- 
ren are playing in the mud. The first 
mother tells her child to stop playing 
in the mud. The child complies and 
is rewarded. This authority sequence 
may constitute a conditioned aversive 
stimulus for the second mother. The 
aversive stimulus may be social dis- 
approval of not following the first 
mother’s “example.” The first se- 
quence may also be a discriminative 
stimulus setting the occasion for the 
second mother’s telling her child to 
stop playing in the mud. If the child 
complies, the aversive disapproval (per- 
haps only implied) of the first mother 
is withdrawn, and the second mother’s 
behavior is reinforced. 


Case II: A Common Variable Exer- 
cises Functional Control over Two or 
More Sequences 


Probably the simplest manner in 
which authority sequences are func- 
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tionally related is by sharing a com- 
mon controlling variable. Sequences 
interrelated in this way are found most 
commonly in large groupings of face- 
to-face interactions where more com- 
plex ways of arranging authority se- 
quences becomes unwieldy. Two types 
may be considered: (a) where an 
initial response by A specifies the be- 
havior of several people, and (b) where 
two or more initial responses specify 
a single reinforcing response on the 
part of one person. 

Situation where an initial response 
specifies behavior of several individ- 
uals. The situation in which one in- 
dividual, A, directs a response to a 
large number of individuals, B, C, 
, N, is a common one. The 
authority sequences in such an event 
are all under the control of the vari- 
ables affecting the initial response of 
A. For example, when a drill sergeant 
calls a company of soldiers to atten- 
tion we have a situation where the re- 
sponse, “Attention!” specifies as its 
reinforcement the behavior of several 
individuals. Each pair formed by the 
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sergeant and an individual soldier may 
be thought of as an authority sequence, 
assuming, of course, that they all come 
to attention and are reinforced by 
some behavior of the sergeant. These 
authority sequences are functionally re- 
lated by the fact that they are all under 
the control of whatever variables de- 
termine the response of the sergeant, 
namely, calling the company to atten- 
tion. The situation is illustrated in 
abbreviated form in Fig. 4. An inter- 
esting implication of this type of au- 
thority situation is that the authority 
response of A is likely tc remain in 
considerable strength and :o be very 
resistant to extinction by virtue of the 
fact that the more other persons his 
response is addressed to, the more 
likelihood there is for some compliance 
and, hence, the more likely he is to get 
some reinforcement. In some limiting 
cases, of coursé, it is possible that the 
compliance of all Bs is the sole effec- 
tive reinforcement for A. In such 
cases, the Bs can be treated as a single 
entity. It could be predicted, then, 
that certain military men, certain types 
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Fic. 5. Many-to-one authority sequences. 


of supervisors and foremen, teachers, 
housewives with large families, etc., 
would on the average have greater 
strength of authority responses in these 
Situations than others, because there 
is a greater probability of their being 
reinforced. These are in fact persons 
who are often labeled “bossy.” 
Situations where two or more initial 
responses specify a single reinforcing 
response. Under certain circumstances 
to be specified below, two or more 
individuals may simultaneously initiate 
an authority sequence (give a com- 
mand, request, suggest, etc.) with a 
third party, in which both of their 
Tesponses specify the same behavior on 
the part of the third party as reinforce- 
ment. The example of a father and 
mother both saying, “Keep quiet” to 
their noisy child at the same time is di- 
agramed in Fig. 5. 
aa sequences are here functionally 
ee by the fact that Rox is part of 
A sequences. Since every response 
3 a sequence exercises some control 
ver the sequence, these sequences are 
under the control of the common vari- 


ables related to the common response. 
The sequences are also related by the 
fact that the aversive stimulation in 
partial control of Ra and Rp; is from 
the same source. 

This type of relation between au- 
thority sequences is subject to more 
restrictions than any of those previ- 
ously discussed. The most important 
restriction is that the two initial re- 
sponses by A and B must specify a 
response on the part of C that will rein- 
force both initial responses. A and B, 
of course, need not specify an identical 
response, though in practice this may 
often be the case. It is only necessary 
that the responses specified be equiv- 
alent in their effects. Figure 5 illus- 
trates a common way in which this 
arises, namely, A and B are under the 
control of a common aversive stimulus, 
the noise of a child, Under other 
circumstances A and B could be under 
the control of a common deprivation. 
Other more complex and subtle rela- 
tions are not uncommon. For ex- 
ample, an audience in the presence of a 


-good performer may be under the con- 
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trol of common stimuli so that they 
all applaud and shout “Bis!” and the 
performer complies with an encore. 
Here the exact specification of the con- 
trolling variables for the audience is 
somewhat difficult, and there may be a 
variety of variables operating on dif- 
ferent members of the audience. 

Other things being equal, C is under 
more aversive stimulation than in the 
simple authority sequence by virtue of 
the fact that he is under multiple aver- 
sive stimulation, as shown in Fig. 5 
by the two implied threats symbolized 
by Sa” and Spi”. Making the as- 
sumption that degree of control and 
amount of aversive stimulation (or of 
deprivation), up to a limit, are posi- 
tively correlated, it follows that com- 
pliance will be an increasing function 
of aversive stimulation (or of depriva- 
tion). 

Another feature to note in these 
types of relationships between sequences 
is that A and B may be viewed as a 
“coalition” under the control of com- 
mon deprivation or aversive stimula- 
tion. When they do not act as a 
coalition, ie., when they are not under 
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common deprivation or aversive stimu- 
lation so that the initial responses 
specify incompatible responses on the 
part of C, the total relation becomes 
impossible to complete. That is to 
say, contradictory behavior may be 
required of C such that it is impossible 
for him to reinforce the responses of 
A and B simultaneously. We call 
such a situation one of authority con- 


flict. 
Case III: Authority Conflict 


Two or more authority sequences 
may be functionally related in that 
one sequence is associated with the 
interruption of another or that the se- 
quences mutually preclude the comple- 
tion of each other. Specifically, se- 
quences interfere with terminal rein- 
forcements. In such cases there ex- 
ists authority conflict. 

Figure 6 provides an illustration. 
The situation is that of two bosses 
descending simultaneously upon their 
joint secretary late in the day with rush 
jobs. The typing jobs are of such @ 
nature that only one can be completed. 
The two bosses, A and C, issue rê- 


Sas 
g 3 “Type my paper” 
A LN Rar + R” 
< 4 
Hi D av 
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Fic. 6. Authority conflict situation, 
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quests, Rai and Ro, with implied 
threats for noncompliance. These, let 
us assume, constitute discriminative 
stimuli plus aversive stimulation for 
(The consequences 
to be discussed do not require this 
assumption, but it is made for the sake 
of reality.) Since B can comply with 
only one of the requests, there exist 
for her two incompatible (conflicting) 
response tendencies. These response 
possibilities exist for her: (a) she can 
comply with A’s request and thus rein- 
force his response; (b) she can comply 
with C’s request and thus reinforce his 
response; or (c) she can comply with 
neither request and therefore reinforce 
neither A’s nor C’s response. The 
consequences of the first two possibili- 
ties are analogous, while those of the 
third are different. 

If B complies with A’s request and 
therefore reinforces his initial response, 
A’s response will have an increased 
probability of recurrence in the future 
under similar circumstances and C’s 


response will tend to undergo extinc- 


tion. If we now assume further that 
when C alone—that is, in the absence 
of A—makes a request of B, she com- 
plies and his behavior is reinforced, it 
follows that A will become a negative 
discriminative stimulus for C. In 
sum, if B reinforces C in the absence 
of A and does not reinforce him in the 
Presence of A, C will “learn” to make 
his requests in the absence of A. In 
Practice, this may lead to a scheduling 
of authority responses, as when Boss 
1 directs the secretary mornings and 
oss 2 directs her afternoons. 

The factors which result in B’s rein- 
forcing A’s behavior in preference to 
C’s are of interest. One factor is that 
A may have reinforced B more fre- 
quently than had C in the past for the 
Same or similar responses, with the 
tesult that A’s response exercised 


l Steater control over B, Another pos- 
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sibility is that A, perhaps because of 
powers associated with his rank or 
position, could give B greater rein- 
forcement than could C, frequency of 
reinforcement by A and C being equal. 
It might also be that, even though 
having reinforcing powers equal to 
those of C, A made greater (and 
“better”) use of generalized rein- 
forcers. His expression of thanks, 
for example, might generally be more 
reinforcing (it might be less perfunc- 
tory). Another factor may be that 
A, as opposed to C, has acquired con- 
ditioned reinforcing properties under 
circumstances quite different from the 
boss-secretary relation. Finally, if we 
assume a completely free operant situ- 
ation and no previous learning histories, 
it could be that B’s response to A 
merely has a higher operant level than 
the conflicting response to C. 

The second case to consider is when 
B complies with and reinforces neither 
‘A’s nor C’s request. In such an in- 
stance it is clear that both A’s and C’s 
initial authority responses will undergo 
extinction. However, it is clearly pos- 
sible for the secretary’s inactivity to 
set the occasion for new responses on 
the part of A or C or both which will 
be reinforced. Thus, A and C might 
say, “Type A’s paper now and C’s 
tomorrow.” Furthermore, it is pos- 
sible that, if A and C, when interacting 
alone with B, are reinforced in their 
requests, they will come to make their 
requests only in the absence of the 
other. This follows from the operation 
of differential reinforcement and of the 
resultant control exercised by a nega- 
tive discriminative stimulus. 

What the antecedents are for non- 
response on the part of B are many 
and need not be enumerated. Gen- 
erally, however, the situation is that 
both A’s and C’s responses and situa- 
tional stimuli exercise the same degree 
of control over B’s responses. To 
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use a vector analogy, the vectors repre- 
senting B's two response tendencies are 
of equal length and at 180 degrees to 
each other. 

In the discussion of authority con- 
flict, attention has thus far been limited 
to the consequences of B's responses 
upon the behavior of A and C. It is 
evident, however, that the types of 
conflict envisaged will have effects 
upon the behavior of B. One effect is 
that, when B reinforces the behavior of 
A in preference to C’s and is in turn 
reinforced by A, her response to A 
will have an increased probability of 
recurrence, whereas any response tend- 
ency toward compliance with C’s re- 
quest will be weakened under similar 
circumstances. When B responds 

neither to A nor C, whatever response 
tendencies existed at the time will 
undergo extinction since they will not 
be reinforced. In both of these cases 
it is interesting to note that the conflict 
of responses on the part of B is self- 
reducing, in one case because one 
of the two response tendencies is 
weakened and in the other because both 
are weakened. However, the existence 
of conflict may have other side-effects. 

If it is assumed that being in conflict 
results in aversive stimulation, certain 
consequences can be predicted. Under 
this assumption the secretary in the 
illustration will be subjected to aver- 
sive stimulation. Furthermore, this 
aversive stimulation will be contingent 
upon her responding or tending to 
respond to A and C. That is to say, 
the conflict and consequent aversive 
stimulation exist solely because of her 
competing responses (of course, phe- 
nomenally, B may perceive A and C 
as being instrumental in her conflict). 
It follows, then, that A and C, as well 
as other aspects of the total situation, 
will become conditioned negative rein- 
forcers and that B will tend to avoid 
them. Making the further assump- 
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tion that degree of conflict and resy 
ing aversive stimulation are positively 
correlated, it also follows that the 
strength of B’s avoidance response will 
increase with increasing degree of con- 
flict. Since degree of conflict will bea 
function of the strength similarity of 
B’s two incompatible response t 
encies, it may be concluded that 
more nearly equal the response t 
encies, the greater will be the avoidane 
of A and C. 

The preceding analysis of authority 
conflict has dealt exclusively with th 
case in which only one of two (or 
more) incompatible responses can bë 
emitted by B. It can, however, alsa 
happen that one response will 
emitted first and that a second will sub 
sequently be emitted upon the comple 
tion of the first. Thus, the fiction 
secretary could have typed A’s letter 
first and, upon completion of that jobi 
could have typed C’s. In such a cast 
both A’s and C’s authority responsa 
will be reinforced. However, it is & 
dent that some delay is entailed in thi 
reinforcement of C’s responses. fhg 
consequence of this will be to weakel 
the effect of the reinforcement, 
magnitude of the net effect being 1 
versely proportional to the amount 
delay. 


SUMMARY 


We have suggested the follov 
definition of authority: A person 
has authority over B, in a given situ 
tion, when a response of A, wn% 
the control of deprivation or avers 
stimulation and specifying its OW 
reinforcement, is reinforced by * 
Authority, so defined, has been am 
lyzed as a function of the follow! 
variables : 


1. Reinforcing stimulus variables 
(a) A as a reinforcer 
(b) Basa reinforcer 
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(c) Generalization of A and B 
as conditioned reinforcers 
2. Deprivation and aversive stimu- 
lus variables affecting A 
3. Discriminative stimulus variables, 


A paradigm of an authority se- 
quence was analyzed in terms of these 
variables. Series of functionally re- 
lated sequences were defined as se- 
quences under the control of one an- 
other or of common variables. Three 
casses of functionally related sequences 
were analyzed; 


l. Where one sequence exercises 
functional control over another 

2. Where a common variable ex- 
ercises functional control over 
two or more sequences 

3. Authority conflict. 


The functional analysis of authority 
that has been presented places primary 
emphasis upon the reciprocal nature 
of authority interactions and, by so 
doing, suggests how authority evolves, 
is maintained, and may be weakened. 

As the analysis suggests, it is actu- 
ally improper to speak of the locus of 
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authority, except perhaps for “short- 
hand” Authority is behavior 


tionally defined variables. By adopt- 
ing this functional approach, it should 
be possible not only to account for ob- 
servations that have been made about 
authority, but to deduce systematically 
the consequences of manipulating vari- 
ables in specified ways. 
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ON DISCRIMINATION EXPERIMENTS 
I. TWO LOGICAL STRUCTURES 


MAX WERTHEIMER? 
New School for Social Research 


Among the remaining notes and papers of Max Wertheimer were two nant 
scripts on discrimination experiments and problems regarding absolute and re nf 
tional learning, of which this is the first. i Much has, of course, occurred in the 
more than fifteen years since they were written, but the main issues ore still p, 
and it is felt that the views represented here are still of interest. Un fortunate y, 
the papers were by no means in final form. A certain amount of editing was 
thus inevitable, to give some continuity and coherence to the discussion. I have 
attempted to keep all changes to a minimum, making them only where coherence 
or clarity demanded, and where no questions of interpretation were involved. 
A few sections of this paper were so fragmentary that it seemed impossible to 
present them essentially as they were. Here I have taken the liberty of pre- 
senting my own interpretation. of what was meant; these sections are bracketed. 
Wherever comments by the editor seemed called for, they are printed in italics. 

It should be noted that Wertheimer himself was still far from satisfied with 
many of his formulations as they stood. Had he brought the paper to comple- 
tion himself, I am sure that much would have been very different; however, at 


least it represents the direction in which his thoughts were going —Ltsé 
WERTHEIMER WALLACH ? 


Let us attempt to formulate some 
essentials of the logical structure of 
discrimination experiments. 


a, and y the “same” as b. Suppose that 
y is recognized as b, and v as a. Or, 
more neutrally, suppose that y 18 Të- 


Suppose an animal learns to respond 
to a pair of stimuli differing “only” in 
pitch, brightness, or size, etc., the stim- 
uli of the pair differing considerably. 
The learning may establish a positive 
reaction to b, a negative reaction to a, 
or two different responses to the two 
stimuli, Some time later, just after 
training, or perhaps one day later, a 
test trial is given, say, with the same 
pair. ; 

I shall name the two stimuli of the 
first test trial on the second day x and 
y, x in this case being the “same” as 


1 Posthumous publication. 

2I would like to express my appreciation 
to the New School for Social Research, for 
both financial aid and the encouragement and 
cooperation I have received there. 
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acted to in the same way in which b 
was reacted to on the first day. 


LOGICAL STRUCTURE I 


The following possibility suggest 
itself for understanding the proces 
which leads to a correct choice on the 
test trials. It may be that the decis n 
factors are v =a and y =b. A simi 


q b 
‘, S x~a; y~P 
` ~o xb ydig 
o % 
x y 
Fic; 1. 


On DISCRIMINATION EXPERIMENTS 


lar explanation holds when + is similar 
toa, and y is similar to b*® (see Fig. 1). 


Tue DIFFICULTY OF MEMORY FOR 
ABSOLUTE QUALITIES AND THE 
Exact SIZES OF RELATIONS 


Memory. (recall, recognition, etc.) 
for absolute qualities like absolute size, 
absolute pitch, is, especially after a 
considerable time interval, pretty bad, 
vague, and liable to be shifted by ex- 
ternal influences. 

a. Suppose that on the first day only 
one pitch, brightness, color, or size is 
given (and perhaps a name or a reac- 
tion learned to it). If, on the second 
day (or even after an interval of sev- 
eral minutes), a stimulus is given 
which is either the same or slightly 
different from the first one, most peo- 
ple are entirely unable to say whether 
it is just the same pitch, brightness, 
color, or size as the preceding one. 
(Consider, for example, the difficulty 
one would experience in trying to 
match exactly a piece of cloth in the 
store to the suit one has left at home.) 
People ‘will frequently hesitate and 
identify a new stimulus wrongly as the 
original, or they will judge that the 
same stimulus is different from the 
original one. 

b. Further, if shortly before the test 


stimulus we introduce a new stimulus - 


or series of stimuli, then the relation 
of the test stimulus to these preceding 


8 But this picture is certainly not sufficient 
to tell the whole story. It is not possible to 
deal simply with the connection a — on the 
one hand, and b— y on the other. In order 
that positive and negative responses—or, 
More generally, different responses—may be 
aroused by a and b in the learning trials, it 
18 implied at least that a and b are sufficiently 

ferent to be taken, reacted to, as different. 

e same holds true for and y. Hence 
the actual differences between a and b, and 

tween + and y are essential, rather than 
only the connection of v to a and y to b. 


hese differences become basic in the second 
Structure, 
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stimuli can be more important than its 
relation to the original stimulus. If, 
for example, Tone G is given on Mon- 
day, and on Tuesday Tone G is pre- 
ceded by F, then G may be judged too 
high. If, on the other hand, Tone G 
is preceded on Tuesday by Tone A, 
G may be judged too low. 

c. Memory for the exact size of rela- 
tions is similarly poor (unless outstand- 
ing features come into play).* 

The rest of this section was too frag- 
mentary to present as it was. The fol- 
lowing is my interpretation of what 
was intended: 

[Suppose that on the first day there 
are presented a small line and a large 
line, or a low note and a high note, and 
that on the second day the subject is 
asked to judge whether the difference 
between two stimuli is the same as the 
day before. Such a judgment will be 
very difficult. 

[But if instead of asking whether 
the exact sizes of the relations are the 
same, one asks whether the direction of 
the relations are the same, judgment is 
very much easier. If on the first day 
the first tone is lower than the second, 
and on the second day it is higher, it 
will be easy to recognize that the direc- 
tion is not the same. Remembering 
the direction of relations is much easier 
than remembering their exact “sizes” 
and absolute qualities. ] 


4 Memory for absolute qualities and for the 
exact size of relations changes for the better 
if “outstanding” qualities come into play. 
Some examples: (a) On Monday present a 
mixture of red and yellow (say 260° red and 
100° yellow) ; test recall on Tuesday. Mem- 
ory for this mixture is much poorer than 
memory for a pure red or a pure yellow. 
(b) Memory for and recognition of an angle 
of 80° is not as good as that of an angle of 
90°; similarly different is the fate of a a 
angle from that of a 0° angle. (c) Vertical 
and horizontal positions are outstanding in 
memory. (d) A point midway between two 
points on a line is likely to be better recalled 
than a point which is to one side. 
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d. The time interval is important in 
these cases, and it affects memory for 
absolute qualities and for relations dif- 
ferently. To recognize a y as a b is 
easy if the time interval between y and 
b is very short. If we increase the 
time interval, recognition becomes more 
and more uncertain, the recognition 
curve falling off very rapidly. On the 
other hand, the memory for the direc- 
tion of a relation, such as being bigger 
than, or being above, is, after a day’s 
interval, relatively very much better. 

To base a theory of memory of rela- 

tions on absolute memory is, then, to 
explain things by demanding very much 
more (by setting many more condi- 
tions) than is needed or probable. 
This point is discussed further in a 
later section “Comparison of Logical 
Structure II and Spence’s Treatment 
of Transposition.” 


ABILITY DISTINGUISHED From 
ATTITUDE 


It is necessary to distinguish two 
problems when we study the character- 
istics of absolute and relational choice. 

The first, and generally regarded as 
the outstanding, problem concerns the 
ability of the animal to recognize a new 
stimulus as similar to the old one, or 
as dissimilar to it. If we raise this 
question in connection with absolute 
and relational choices, experiments of 
the following kind are appropriate: An 
animal learns by the Pavlov method to 
respond to one note, and it is after- 
wards tested for its memory of the 
absolute stimulus. This can be com- 
pared with the animal’s memory for 
learning to respond by the same method 
to the higher of two stimuli. The 

question then is whether the animal in 
each case will be able after a time to 
find out which one is the correct stimu- 
lus. What errors will be made, and 
what will be the range of stimuli con- 
sidered “correct”? How will the for- 
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getting curves for the absolute and re- 
lational stimuli compare? This is the 
problem of acuity; the purpose is to 
find out what is the best discrimina- 
tion under given conditions. 

The second problem raises an issue 
of a different kind. In order for the 
animal to “respond to the new stimulus 
in the learned way,” the decisive fact 
is not only whether the animal recog- 
nizes the new stimulus as similar to 
the old one, or as somewhat different. 
Equally decisive is whether the animal 
is willing, whether he is in the mood, 
whether he is in the habit of reacting 
to new stimuli in the same way as to 
old ones, in spite of a recognized dif- 
ference. In human terms, the animal 
may have the tendency, or it may de- 
cide, to make the same response in 
spite of a recognition of some degree 
of dissimilarity.® 

Consider, for example, the tendency 
under certain personal conditions to be 
exactly correct, to be fearful of doing 
anything when the conditions deviate 
in the slightest from what is known, 
to stick to “exact identity,” and so on. 
Certain patients with brain lesions con- 
fronted with the task of matching yarns 
of similar nuance to a selected red and 
green are sometimes extremely fussy. 
They reject any test woolens which are 
in any way different. If the hue is 


5So long as the gradient and the level 
(see Paragraph b of the section on “Factors 
Involved in Each of the Logical Structures 
below) are not very much changed, the right 
Tesponse is probable (especially after long 
time intervals), not because the animal i$ 
responding in spite of a change in the situ- 
ation, but because memory is, to begin with, 
not precise. Within a range of changed 
gradient and level, the difference betwee? 
test and training situation may not be noticed 
at all. It is only if the change exceeds such 
a range that the question may arise whether 
one is willing to make or try the learned re- 
action on the ground of the similarity to tHe 


original in spite of the difference from tHe 
original. 
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the same, but the brightness is some- 
what changed, they refuse to match. 
In studies with children, it sometimes 
looks as if, when the child is frightened 
or sternly treated, he develops a tend- 
ency to avoid any deviation from com- 
mand, or from the learned, permitted 
response. 

On the other hand, different attitudes 
can be observed in children as well. 
Some, in a certain mood, do not seem 
to be very much bothered about the 
response. If the situation is in general 
the same, they repeat the response gen- 
erously, frivolously, loosely, even if 
there is little similarity to the original 
situation. 

Such differences seem to depend on 
moods, personal characteristics, the so- 
cial atmosphere, the experiences color- 
ing the field, confidence in the nature 
of the events, and so on. Some exhibit 
an attitude of the first kind, which 
means in effect: “The events in the 
world are such that if you want to 
avoid dangers or mistakes, you have to 
apply a learned response only to ex- 
actly the same situation, and not if 
there has been any change.” Others 
exhibit a free and senseless confidence : 
“Tf there is any similarity—go ahead.” 
This difference in approach has some 
connection with the very real differ- 
ence mentioned by Bertrand Russell 
between rats in some laboratories who 
tush about and jump ahead, and rats 
in other laboratories who sit still and 
“think,” 

The range of responses is, then, de- 
termined by at least two different fac- 
tors, and their effect on the range is 
not the same. Further, the first factor, 
the ability to decide, to find out whether 
the new stimulus is similar or different 
to such and such a degree probably 
plays a role only when conditions for 
the second factor (the behavior atti- 
tude) are optimal. Also, the second 
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factor does not depend upon time in 
the same way as the first. 

From the standpoint of operationism 
there may be an objection to the dif- 
ferentiation of the two factors on the 
ground that there seems to be no ob- 
jective way of stating the first without 
using the second. That is, we cannot 
decide upon the first question in any 
other way than by studying responses 
which involve the second problem as 
well. But there are ways of operation- 
ally differentiating. This is certainly 
so in experiments with humans, if we 
distinguish between experience and ac- 
tion (or, in terms of objective be- 
haviorism, if we distinguish between 
answers to questions like “is this the 
same or not?” and “real action” like 
getting food). We may agree that the 
study of the first question in animal 
experiments can only be by way of 
studying responses. But within these 
responses there are observable differ- 
ences of behavior, often quite strong, 
which correspond to the two types of 
attitudes described above.® 


LOGICAL Structure IT 


If we formulate the essentials of the 
second logical structure, we get a pic- 
ture very different from the first one 
(see Fig. 2). Logically, we have akb 
(and bR,a); we have xRy (and 


a 
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X 


Fic. 2. 


6 The situation seems to some degree simi- 
lar to the differentiation which every physi- 
ologist makes between questions of acuity 
and so-called disturbing factors in experi- 
ments, such as resistance of the animal, dis- 
tractability, and so on. 
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yR,x). There is a correspondence be- 
tween the R of x-y and the R of a-b. 
Here y is identified with b if it has 
the same position in the relational 
structure x-y that b has in the rela- 
tional structure a-b. Instead of the 
individual correspondence of y with b 
and x with a, the basis of reactions in 
test trials is the correspondence of the 
relation of x to y with the relation of 
atob. Instead of treating each stimu- 
lus for itself, as the first structure (Fig. 
1) does, the second structure (Fig. 2) 
deals in terms of relations within pairs. 


Conpitions UNDER WHICH THE Two 
LOGICAL Structures WORK IN 
OPPOSITE DIRECTIONS 


In the aforementioned cases, both 
theoretical assumptions would lead to 
the same prediction. There are, how- 
ever, other experimental conditions un- 
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der which the two may work in oppo- 
site directions. 

There is, for example, the critical 
experiment of Kohler in which x = b 
in absolute terms but += a in rela- 
tional terms (Fig. 3). 

For the first logical structure, the 
simplest formulation is + = b, and y is 
a new, strange stimulus. And we shall 
have to expect, in terms of the first 
logical structure, absolute choice. If b 
was the positive training stimulus 
(e.g., containing food), x will be re- 
acted to as positive. 

For the second logical structure, y 
has the same role in the pair x-y that 
b had in the pair a-b. In terms of this 
structure, we would therefore expect 
relative choice, y being reacted to as 
positive. 

In such cases it is possible to find 
out by experiment if the results agree 
with one or the other theoretical struc- 
ture; it is also possible to introduce 
experimental variations which may in- 
crease the weight of the absolute or 
the relative attitude. These are dis- 
cussed further in a later section, “Con- 
ditions Favoring Transposition or Ab- 
solute Reaction.” A further possibility 
for an experimental test is that in terms 
of the second logical structure all varia- 
tions which decrease the ease of the 
comparison of v and y or a and b in 
the pair should be factors making the 
results worse. And factors improving 
this possibility should improve the re- 
sults. In terms of the first logical 
structure, such variations should have 
no effect, since the animal does not 
look for a relation between the stimuli 
in a pair but only for a relation be- 
tween each of the test stimuli and the 
traces of each of the original stimuli 
(involving a comparison of two items 
with a long time interval between 
them). 

In order to find and to study the real 
causes at work, we may also use, for 
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example, the point mentioned above in 
the section, “The Difficulty of Memory 
for Absolute Qualities and the Exact 
Sizes of Relations.” If the forgetting 
curve is different in the two cases, and 
if memory for absolute qualities de- 
creases more rapidly than for relational 
qualities, the following experimental 
proposal is possible: An increase in 
the time interval between training and 
test should produce an increase in rela- 
tive choice; a decrease in the time 
interval should produce an increase of 
absolute responses. This is just what 
Köhler found. 

So far we have dealt with the case 
in which (in terms of the first struc- 
ture) v = b, and y is a strange, new 
stimulus to which no response has been 
learned. The conditions are perhaps 
still similar if we choose situations in 
which x does not equal b, but the dif- 
ference between ~ and b is much 
smaller than that between v and a, or 
the difference between y and a or that 
between y and b. If we suppose that 
the animal looks only for the smallest 
difference, in terms of the first struc- 
ture he should still choose + and not y 
when b was the positive training 
stimulus. 

But what happens if we try to take 
all four distances into account (see 
Fig. 4)? The situation becomes com- 
plicated, because v and y are both 
nearer to b than to a. In order to ex- 
plain the reaction to + as to b, we 
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would have to introduce complicated 
mechanisms concerning the differences 
of the distances. 


COMPARISON OF LOGICAL STRUCTURE 
II AND Spence’s TREATMENT OF 
TRANSPOSITION; CRITICISM OF ÀT- 
TEMPTS TO ÂVOID THE EFFECTIVE- 
NESS OF RELATIONS 


a. The main difference between our 
second logical structure and Spence’s 
(1936, 1937) formulation, which is 
based on the first logical structure, is 
that Spence’s scheme tries to avoid at 
all cost any effectiveness of the rela- 
tion between a and b or the relation 
between x and y.’ 

This avoidance is all the more strik- 
ing because Spence uses the relations 
or distances between a and x and be- 
tween a and y as basic to his theory; 
time factors and the demand placed 
upon memory make use of such rela- 
tions very much more difficult. 

Some psychologists seem to be some- 
what suspicious about the reality or 
effectiveness of actual relations within 
constellations of stimuli. For them, 
the problem is something of a riddle, 
or something to be put in the category 
of “achievements of intelligence,” 
“higher mental processes,” and so on. 
Certainly there are some important and 
interesting connections between “intel- 
ligence” and “use of relations.” But 
entirely apart from this, effectiveness 


7 Spence attempts to explain discrimina- 
tion learning by the building up of excitatory 
tendencies to the positive stimulus, responses 
to which are reinforced, and inhibitory tend- 
encies to the negative stimulus, responses to 
which are not reinforced. Certain curves of 
generalization are postulated for each of 
these tendencies. The effective excitatory 
strength of a stimulus depends upon the 
amount by which the total excitatory tend- 
ency exceeds the inhibitory, and the choice 
between the two stimuli is dependent upon 
the difference between their effective excita- 
tory strengths. This theory is dealt with in 
detail in Wertheimer’s second paper. 
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of relations seems required by the facts, 
and in fact relations demand less of 
memory in simple discrimination ex- 
periments than do absolute qualities. 
Suppose an animal reacts relationally 
in a test trial. For that, it does not 
need exact memory for the absolute 
qualities of the training stimuli, nor 
(under most circumstances) memory 
for the exact size of the relation. 
Mostly nothing else is required than 
choice in the direction of the differ- 
ence, parallel to the direction learned 
in the training pair. Why should we 
presuppose a level of exactness for 
memory, recognition of the absolute 
qualities of the training stimulus after 
a long time delay, if so much less 
seems demanded by the facts? As we 
have mentioned before, exact memory 
for absolute qualities after a long time 
interval is a very much higher achieve- 
ment, is much more poorly performed, 
and often demands long and specific 
training. To recognize, or to respond 
by going to, the brighter or higher 
stimulus demands very much less than 
to recognize the identical gray of the 
preceding day.® 

b. Let us try to clarify the theo- 
retical situation by considering in what 
ways actual relations may come into 
play and become determining for 
behavior. 

1. What happens in the time during 
which the animal looks from one stimu- 
lus to the other on the test trials and 
also on the training trials? ° 


8Spence’s generalization formula bases 
choice in test trials precisely on the exact 
constancy of the excitatory and inhibitory 
tendencies connected with the absolute quali- 
ties, and so demands basically much more 
than is needed, or seems probable. 

It has to be kept in mind that for the 
first logical structure the animal, on seeing 
the stimuli in the test pair, looks for a com- 
parison of v and the traces of a and b. He 
does not look for a relation between x and 
y, but for a relation between each of these 
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Looking from one stimulus to the 
other may mean, to begin with, a very 
concrete physiological fact. For ex- 
ample, let us say that a and b are two 
boxes, equal in every way except that 
they are placed at different heights, 
b higher than a. The animal, in look- 
ing from a to b, lifts his head, or his 
eyes, and lowers them in the transition 
from b to a. 

In the test situation y may be iden- 
tified with b on the basis that both are 
“what is reached at the end of the lift- 
ing.” For transposition performance 
in test trials, there is no need to re- 
member the absolute position of the 
boxes, the exact size of the difference 
in height, or the extent of the move- 
ment. As long as the test situation is 
at least to some degree similar to the 
training situation in this respect, the 
transposition reaction may follow sim- 
ply from the animal going toward the 
stimulus reached at the end of the lift- 
ing, as he has learned; such a response 
would be based on the actual relations 
in the constellation. 

Or a and b may be two squares of 
different area. Then the animal may 
lift its eyes from the top of the lower 
square to the top of the higher, and 
base its response on this process.” 


and the traces of a and b—a comparison of 
two items with a long time interval between 
them. 

10 There may be a possibility that by 
chance, or through training, an animal will 
do it the other way around—that when he 
looks at the lower box he will focus above 
it, and when he looks at the upper one, he 
will focus below it. But this certainly is not 
the probable or the natural tendency. 

‘Similar factors may sometimes play a 
role with regard to the forms within the 
stimuli (see Fig. 5). Here, while looking 
at a, there may occur a lifting from the hori- 
zontal to the point “above,” and while look- 
ing at b, a lowering from the horizontal to 
the point “below.” Here lowering occurs 
not from b to a, but within the stimulus, 


based on the positional relations within the 
stimulus. 
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Instead of simple lifting of the head 
or eyes from one stimulus to the other, 
there could be eye movements with 
reference to each stimulus, differing in 
the range of movement in accordance 
with the size of the stimuli. Suppose 
the animal responds with reference to 
the length of the bases; it might have 
to make a larger eye movement in fol- 
lowing the larger square. Instead of 
lifting, this increase in the eye move- 
ment from a to b could be decisive and 
sufficient. 

Similar things may play a role in 
brightness differences with regard to 
adjustments of the eye in the transition 
from dark to bright. Again, it seems 
that recalling, recognizing, reacting in 
the same way to such a direction of a 
difference is very much easier than 
recalling, recognizing, etc., the absolute 
size or brightness. 

Such things as lifting the head, etc., 
are themselves connected with and 
based on the fact that two stimuli are 
essentially different in a certain way, 
that they are connected by a particular 
relation, In all the cases that have 
been under consideration, the move- 
ment that the animal makes, or the 
animal’s transitional experiences, are 
determined not simply by an arbitrary 
connection, but by the actual relational 
qualities of the optical or optical-motor 
situation. The moving of the head is 
not something added to the separate 
stimuli, but is itself associated with a 
relation between the stimuli. This 
alone seems already to imply the real- 
ity and significance of the relation 
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within the stimulus pair. Such be- 
havior, then, is not based on an arbi- 
trary learned connection to some rela- 
tion, but is, in regard to its content, 
in agreement with the actual nature of 
the relation. Lifting the head or eyes 
when viewing two boxes at different 
heights, for example, in turning from 
one stimulus to the other, is a conse- 
quence of the relative height of the two 
boxes, and is not connected with them 
arbitrarily. 

What we have just said involves 
two not necessarily dependent points. 
First: The behavior may be connected, 
not with one stimulus, or with the 
other, or with one “and” the other, 
but with the relation between the stim- 
uli that make up the pair. Second: 
At least from the point of view of the 
animal, there is an inner connection— 
and not an arbitrary one—between the 
stimuli and the movement.” 

Transition phenomena may physio- 
logically also have importance when 
viewed simply as events in the optical 
field. For example, in the change from 
a small white circle on a gray field to 
a large white circle in the same place 
on the gray field, there is the process 
of “widening the bright region.” Again 
the positive stimulus may become “‘the 
stimulus at the end of the widening.” 

2. Such transitional events may not 
be a necessary condition for learning 
and transposition. Instead of such 
transition-phenomena, a whole-quality 


12 That in the transition from the lower 
stimulus to the higher, one lifts the head or 
the eyes, and that wider movements happen 
on the side of the wider stimulus, and not 
the other way around, is somehow obvious 
but not, on that account, less interesting 
theoretically. Of course, one could try to 
teach the opposite reaction—no doubt a dif- 
ficult and senseless enterprise. The theo- 
retical problem is not settled by calling one 
of the two behaviors simply innate: the “in- 
nate? response shows in these instances pre- 
cisely the logically outstanding, materially 
sensible direction, 
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(a) (b) 


a 


Fie. & 


(connected, for example, with a dis- 
turbance of balance in a certain direc- 
tion, being top-heavy, being overloaded 
on one side, etc.) may determine the 
behavior or the attitude, and thus the 
se. Under certain conditions 
there is the possibility that the animal, 
without necessarily shifting from one 
pact we pa facing both stimuli 
would experience a dis- 
turbance of balance in one direction, 
such as the weight tending towards the 
Such ere may be con- 
nected with real movement, or with 
real movement-tendencies, or with 
tonus-distributions—or, even before all 
this, they may have a reality in the 
optical field. This becomes all the 
more possible if we do not envisage the 
central effects of optical stimulations 
as pn tens, but with reference 
to ibution of energy in the 
brain. 

The preceding point touches ‘upon 

par odd problem of what constitutes 

” stimulus. It seems to suggest 
Hae, “two” stimuli may essentially at 
first have the effect of one stimulus- 
constellation. This becomes very clear 
if we consider, in Fig. 6, a change of 
the experimental situation from (a) 
to (b). 

3. If learning and transposition were 
determined by the features we have 
mentioned—by transition phenomena 
and by the whole-qualities of stimulus 
constellations—this would demand very 
much less of memory in test trials than 
if the events were based on the piece- 
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meal, absolute qualities. The direction 
of the movement, for example, not its 
exact size, would be decisive. Memory 
of the direction of the difference in 
height, for example, and not the exact 
amount of the difference, would be 
required. 


CONDITIONS FAVORING TRANSPOSITION 
OR ÅBSOLUTE REACTION 


As we mentioned above (in the sec- 
tions on “Ability Distinguished from 
Attitude,” “Logical Structure II,” and 
“Conditions Under Which the Two 
Logical Structures Work in Opposite 
Directions”), there are attitudes and 

imental set-ups which may in- 
crease the likelihood of either absolute 
or relational choice. There is, for ex- 
ample, the possibility that the animal is 
“interested” only in the positive stimu- 
lus, thus recognizing it better than the 
negative stimulus; or the animal may, | 
in the test trial, be initially concerned 
only with one of the stimuli given. It 
seems reasonable to recognize both ab- 
solute and relative behavior attitudes 
as two possibilities, at least in some 
cases, as Köhler (1918) did. Both 
logical structures must be studied as 
possibilities, and their implications put 
to test. (And we may need to add 
some other possibilities of attitudes 
and structures as well. The present 
experimental situation seems to call for 
the study of the different attitudes 
which favor one outcome or the other.) 

a. Certain sequences of learning 
trials can help transposition or abso- 
lute reaction (Fig. 7). 

b. The choice of the absolute stimu- 
lus may be increased when the training 


[For example: 
Trio! 1 Trial 2 Trial 3 ete 
Sequencei o c boc aa 
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id testing pairs are separated by a 
atively short time interval (Kohler, 
918). If the time interval is large, 
ative choice increases, This is espe- 
illy true if the difference between the 
Faining stimuli is very small, in which 
se it seems to become impossible to 
cognize whether an + is an a or a b 
ma test trial. 

To explain the effect of the time 
terval, Köhler has pointed to the 
ifference in the forgetting curve for 
absolute and relational experiences. It 
is also possible that “absolute” choice 
vith small time intervals may be the 
jütcome of Gestalt factors. If b corre- 
sponds in absolute terms with +, when 
the training and test pairs are pre- 
sented in close succession the three 
different stimuli of the two pairs form 
@ unit (a triad) in which the “abso- 
lute” stimulus occupies a constant rela- 
al position, namely, the center (see 
Pig. 8). 

c. The distance between the two 
Stimuli composing the pair is also an 
important factor. Decreasing this dis- 
| probably increases relational 


time interval between a and b in 
arning (and similarly between + and 
y in testing), especially when other 
muli are introduced between them, 
d work against the relational atti- 
and for the absolute attitude 
(Jackson, 1943). 
Generally it looks as if all of the 
actors which tend to make an unum 
out of the stimuli seem to favor the 
perception of a difference and hence 
relational response (see Line, 
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1931). An extreme case favoring 
relative choice is the one where, in- 
stead of having, say, two bome. mr 
have two openings same object. 
d. lf a and b are special members 


: 
i 
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Factors INvoLveD IN Each OF THE 
LOGICAL STRUCTURES 

a. What is involved in the first 

structure? In order to simplify, I shall 


The points in Paragraph b 
a E “Comparison of Logical 


of the 
tructure II and Spence’s Treatment of 
Sir position” are also relevant to this 
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express it in terms of differences be- 
tween the stimuli. Certainly the dif- 
ferences alone are not adequate, but 
rather the ratio; and not simply the 
ratio, but more complicated functions 
(e.g., the same ratio does not have the 
same meaning in a large pair as it has 
in a small pair). 

In the first structure, the distances 
xa, xb, ya, and yb, and the differences 
among these distances (see Fig. 4) 
constitute the basis for the possibility 
of discrimination. (The distance be- 
tween a and b may also be decisive— 
see Footnote 3.) In all this one must 
also take into account the increasing 
difficulty of the recognition of a and b 
with increasing time intervals. 

In addition, one must take into ac- 
count that there is experimental evi- 
dence for what one may call “shifting.” 
Suppose Tone C is given the first day 
and learned, and on the next day Tone 
D is given. In many cases the subject 
will not be able to judge with certainty 
whether the two tones are different; 
under many usual circumstances they 
will be judged to be the same. But if 
C is then given after D, C may be 
judged too low—the D now being 
taken as the standard (as mentioned 
in Paragraph b of the above section on 
“The Difficulty of Memory for Abso- 
lute Qualities and the Exact Sizes of 
Relations”). Or suppose that on the 
second day a number of test tones are 
given which are in a quite different 
range than the original tones. Some 
experiments seem to show that there 
is a likelihood that the judgments will 
not be centered around the original 
stimulus, but around a standard deter- 
mined by the latter group. 

b. What is involved in the second 
structure? The second structure in- 
volves the functioning of the following 
factors: (1) a perception of a differ- 
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ence between the two training stimuli 
and also between the two test stimuli; 
(2) remembering that, for example, the 
larger, or the smaller, contained food, 
and choosing on the basis of this mem- 
ory; (3) the factor of the gradient— 
if in the test pair the size of the differ- 
ence is considerably changed, the reac- 
tion may become more uncertain; (4) 
the factor of level—if the level of the 
whole pair is considerably changed, the 
reaction may again become more 
uncertain. 

We shall illustrate what is involved 
in Points 3 and 4, first making again 
the simplifying assumption that dis- 
tances in terms of differences would 


be decisive. Point 3 would involve 
f 4 —b 
a function of the ratio of = ae 


Point 4, making for the sake of brevity 
once more the simplest assumption, 
would involve a function of the means: 


a+b 
2 a+b 
aig or T 
2 


Especially if considerable time elapses 
between training and test, the probable 


functions would not presuppose the ex- - 


act values of a and b, but would prob- 
ably be related more to a “region” 
involving a — b or a + b. 

If instead of the distance, the ratio 
would be decisive, in 3 we would have 
a function of the ratio x/y to the ratio 
a/b. It does not, however, seem prob- 
able that the ratio will be decisive 
throughout, entirely independently of 
accompanying changes in the differ- 
ences, etc. 

Furthermore, to formulate the func- 
tions for 3 and 4 separately, as was 
done here, will probably not be correct. 
Changes in the size of the relation will 


On DISCRIMINATION EXPERIMENTS 


probably not be entirely independent 
of changes in level.** 

These four factors are not simply 
abstract, logical parts of the picture. 
They can be studied experimentally, 
which will make it possible to reach 
more precise formulations of the kind 
of functions they involve. 

Factor 1. Here belong experiments 
in which the distance between the pairs 
is systematically decreased during 
teaching or during tests, until the 
threshold is reached. Comparably, one 
might present pairs of different degrees 
of closeness. A direct experimental 
procedure would involve the learning 
of training pairs in which each of the 
two “stimuli” is a pair, one consisting 
of equal parts, the other of unequal 
ones whose distance is progressively 
decreased. 


Experiments dealing with Factor 2 
are discussed below in the last section. 


Factor 3. For this factor, one might 
use the learning of a training pair in 
which there are different gradients in 
the relation. Or one might change the 
gradient after learning (perhaps after 
the use of training pairs of the kind 
suggested in connection with the study 
of Factor 1). 

Factor 4. For this factor, one could 
change the level after learning of the 
training pair, or have the subject learn 
with pairs at different levels, using 
again a pair for each “stimulus.” 

Of course, what we have said here 


14 On the basis of these four points, formu- 
lations for the general function determining 
the results in test trials are mathematically 
quite easy. K. O. Friedrichs, at my request, 
developed some. But I think it is not worth 
while to propose a particular formula at the 
Present stage. In order to choose one sensi- 
bly, one would first have to know more about 
the factual character of the function with 
ae to changes in the gradient and the 
evel, 
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still involves major abstractions, be- 
cause of a number of points such as 
the following: (a) relations within the 
situation may be effective; (b) saying 
that we are dealing with a relation is 
not entirely sufficient—it seems to be a 
question of structure as well as rela- 
tion: whole-qualities, such as the direc- 
tion of disequilibrium, may play a role; 
(c) the “absolute” qualities of the 
stimulus do not seem to be simply 
absolute qualities—probably they in- 
volve relations with the framework, 
background, etc., in spite of the latter’s 
constancy. All of these seem to fit 
into the picture, mainly only introduc- 
ing some complication into the scheme 
indicated above for the relational 
formula. 

I hope to be able in a subsequent 
paper to discuss the steps involved and 
to describe also the logical structures 
involved in the experiments of Lash- 
ley.* 

The next section was in very un- 
finished form. The following is my 
interpretation of what was intended. 


ATTEMPTING A COMMON FRAMEWORK 
FOR TRANSPOSITION AND ABSO- 
LUTE REACTION 


[The two logical structures described 
were conceived, to begin with, in order 
to do justice to different kinds of be- 
havior—the first logical structure for 
absolute reaction, and the second for 
transposition. The real problem is to 
identify the conditions which favor one 
or the other. If, in spite of this, one 
wants to envisage a common frame- 
work for both, what is the situation? 

[One could try to understand both 
absolute reaction and transposition 1n 
terms of the first logical structure. 
There are some obstacles to this. First: 


15 This paper was, to my knowledge, 
never written. 
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The four differences x — a, x — b, y— a, 
and y — b would have to be taken into 
account—and one would have to intro- 
duce complicated mechanisms concern- 
ing their role. Second: One must 
remain aware of the effects of time 
between training and testing, and the 
other factors which affect relational or 
absolute reaction. Third: Relations 
between present stimuli and the traces 
of earlier ones, upon which the first 
structure relies, are much more difficult 
to use than relations among simul- 
taneously present stimuli. Fourth: One 
cannot in any case leave the difference 
between two stimuli of a pair (x — y 
and a— b) entirely out of considera- 
tion, since a positive response to one 
and a negative response to the other 
may be aroused only if they are suffi- 
ciently different to be reacted to as 
different. 

[To attempt to account for both 
absolute reaction and transposition in 
terms of the first logical structure thus 
involves a number of difficulties. What 
happens if we look at the situation the 
other way around—could both kinds 
of reactions be understood in terms of 
the second logical structure ?. 

[The second structure was first con- 
ceived in an attempt to account for 
relational choosing. But consider what 
happens in terms of this structure, as 
an extreme case, when only one stimu- 
lus is presented. Then of the four 
factors in Structure IT, only the level 
remains—coinciding now with the 
nuance of the stimulus. Similarly, if 
there is a stimulus pair but the attitude 
is such that the animal is concerned 
only with the one, say the positive 
stimulus, the logical factors are the 
same. Again only the level remains— 
and absolute reaction should follow. 

The level will also be the only critical 
factor when with a pair of stimuli the 
attitude involves looking for the one 
and the other—an and-summation; 


Max WERTHEIMER 


here again absolute and not relational 
choosing should occur. 

[Logically, as the importance of the 
relation within the pair approaches 
zero,*® we get a special case of Struc- 
ture II, which leads to absolute rather 
than relational choice. Both kinds of 
reactions may thus be understood in 
terms of the second logical structure. 
The main task of the experimenter 
seems to be to study the conditions 
under which the restriction of factors 
that leads to absolute reaction takes 
place. | 


ARBITRARINESS AND NONARBITRARI- 
NESS IN DISCRIMINATION 
LEARNING 


At the end of this paper there is a 
further discussion of the factors that 
Wertheimer felt were involved in the 
typical discrimination experiment. The 
essence of this discussion seems to be 
the following: 

[The first, third, and fourth {factors 
of Structure II (see p. 262) are con- 
cerned with the actual nature of the 
items involved. The order from smaller 
to larger, for example, is not an arbi- 
trarily changeable learned order (as is, 
e.g., the alphabet). On the other hand, 
the second factor, the way in which 
most experiments are set up, repre- 
sents an arbitrary connection to be 
learned only by induction; whether 
food is obtained through a or through b 
depends simply on the arbitrary choice 
of the experimenter, and thus involves 
a “blind” connection, having the char- 
acter of classical associations.’ 


16 The attainment of zero is not admissa- 
ble, because of the point mentioned about re- 
acting to the stimuli as different. f 

11 [There is, however, a certain “nonarbi- 
trary” factor involved here also; although 
which of the two stimuli is the “right” one 
is arbitrary, the stimulus is always made to 
be not only the sign for the response but 
also the sign for the location of the response. 
If only an entirely arbitrary connection be- 


On DISCRIMINATION EXPERIMENTS 


[The arbitrariness of the “right” 
stimulus is alterable. For example, 
the discrimination stimuli might be two 
square holes in a grating, one small and 
one large, with food placed in an inter- 
mediate size box behind the grating 
between the holes so that one would 
have to reach through the larger hole. 
Or the stimuli might be a wooden tri- 
angle and circle, a child having to 
learn to take the triangle and fit it into 
a form board with a triangular hole. 
These cases involve outstanding p rela- 
tions (cf. Wertheimer, 1945). One 
could also perform experiments re- 
versing these requirements: e.g., by 
mechanical devices, the food box might 
be made to go through only the smaller 
hole; the triangular formboard hole 
may be made so as to adjust itself 
somehow only to the circle. If the 
first kind of set-up involved nothing 
but the learning of truly arbitrary con- 
nections, then there should be no dif- 
ference between the learning in these 
two kinds of situations. 

[Many psychologists may feel that 
the difference between the learning in 
the two types of situations will be due 
to nothing other than previous experi- 
ence. One may then ask whether this 
is really certain, or just a dogmatic 
belief. The main point, however, is 
not whether they are due to experience 
or not. They may be, but then two 
different kinds of experience are in- 
volved : experiences governed by a cer- 
tain kind of logical structure, governed 
by p conditions, and experiences from 
Which logical structure is excluded. ] 


e_ 

tween some stimulus and some response were 
involved, an animal should learn in just 
the same way and just as easily to respond, 
say, to a place seven inches to the right of 
the positive stimulus. ] 
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SUMMARY 


This was the end of the paper as far 
as Wertheimer completed it. A brief 
summary may, however, be helpful. 

[One may attempt to understand 
learning to respond correctly in dis- 
crimination experiments on the basis 
of two different logical structures. In 
Logical Structure I the correct re- 
sponse occurs on the basis of recogni- 
tion of absolute qualities. The essen- 
tial factors involved here are the 
differences between each of the mem- 
bers of the test pair and each of the 
training stimuli. 

[In Logical Structure II the correct 
response occurs on the basis of recog- 
nition of position in relational struc- 
tures. The main factors involved here 
are the relations within the training 
pair and within the test pair; the level 
of each pair also plays a role. 

[The kind of memory called for in 
Logical Structure II—primarily, the 
direction of relations—is very much 
easier than the memory of absolute 
qualities required in Logical Structure 
I, particularly if there is any apprecia- 
ble time lapse between training and 
test. A number of factors are dis- 
cussed which favor absolute or rela- 
tional reactions. 

[The question is raised whether both 
kinds of reactions may be understood 
in terms of either logical structure 
alone. To attempt to explain relational 
choosing in terms of Logical Structure 
I leads to a number of difficulties. 
Effectiveness of relations between old 
stimuli and present ones is assumed, 
while that of relations among simul- 
taneously present stimuli is avoided. 
The attempt to avoid effectiveness of 
relations in constellations of stimuli is 
criticized. 

[How such relations may become 
effective and what conditions favor 
their effectiveness is discussed. Under 
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certain conditions, such as when there 
is concern with only one stimulus, the 
role of relations becomes minimal. In 
these cases only the factor of level in 
Logical Structure II remains critical, 
and this would lead to absolute reac- 
tion. Thus Logical Structure II may 
account for absolute choices as a spe- 
cial case—as well as for relational 
ones. ] 
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This paper concerns the effects of 
present experience, particularly social 
stimuli, on the response to stress. A 
previous paper (Bovard, 1958) con- 
cerned the effects of early experience, 
particularly handling, on this response. 

Noxious stimuli, such as radiation, 
surgical injury and extreme cold, have 
been shown to induce a systemic, non- 
specific response in the vertebrate 
organism (Selye, 1950). This re- 
sponse involves release of adrenocorti- 
cotrophic hormone (ACTH) from the 
anterior pituitary and the consequent 
telease of adrenal cortical hormones 
(cortisone, 17-hydroxycorticosterone ) 
into the blood stream. Their effects 
are in general protein catabolic, involv- 
mg conversion of protein into glucose, 
and specifically include maintenance of 
lood pressure and blood sugar (glu- 
cose) levels under shock. This non- 
Specific response therefore has initial 
survival value for the organism under 
Severe and sustained physical stress, 
but if sufficiently prolonged it will lead 
to cardiovascular and renal damage, 
and eventually to the death of the 
animal. 


+ This paper was completed during tenure 

: a United States Public Health Service 

ad research fellowship, sponsored by the 
ational Institute of Mental Health at 
Ontreal Neurological Institute. 


But psychological stress, such as im- 
mobilization for the rat, or failure to 
meet level of aspiration for the human 
(Berkeley, 1952) will also produce a 
pituitary-adrenal response, stimulating 
carbohydrate metabolism and protein 
breakdown. Emotional excitement, as 
Selye (1950; Selye & Fortier, 1950) 
has pointed out, is a particularly effec- 
tive stress agent since it is mediated by 
the diffuse nerve-net of the antonomic 
nervous system and therefore affects 
wide reaches of the organism. 

The important difference between 
psychological and physical stress is 
that the former does not directly affect 
body cells and, hence, must be mediated 
by the central nervous system. Trans- 
planted to the animal's eye or temporal 
lobe, the anterior pituitary responds 
with ACTH release to so-called sys- 
temic stimuli, such as cold, adrenaline, 
or histamine, but not to nervous or 
emotional stimuli, such as intense 
sound or immobilization, which appar- 
ently require the hypothalamic-hypo- 
physeal pathway (Fortier, 1951). 


2 The differential response of the “dener- 
vated” anterior pituitary to different types 
of stress stimuli, found by Fortier (1951), 
has been further confirmed, in general, by 
experiments involving section of the pituitary 
stalk to the hypothalamus and other work 


involving destruction of the median eminence 
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Hence, when the terms “psycholog- 
ical” or “emotional” stress are used in 
this paper, the reference is only to the 
fact that under such stress the noxious 
stimulus must necessarily be mediated 
by the central nervous system. Immo- 
bilization is termed a psychological 
stress for the reason that it has been 
experimentally demonstrated that this 
particular noxious stimulus requires 
mediation of the central nervous sys- 
tem in order to initiate release of 
ACTH from the anterior pituitary. 

Whether the pituitary-adrenal re- 
sponse to psychological (nonphysical) 
stress has survival value for the organ- 
ism can be questioned. Experiments 
by Bartlett and others (Bartlett, Bohr, 
Helmendach, Foster, & Miller, 1954; 
Bartlett, Helmendach, & Bohr, 1953; 
Bartlett, Helmendach, & Inman, 1954) 
showed that animals subjected to emo- 
tional stress (restraint) and extreme 
cold were unable to maintain body 
temperature, which fell almost as rap- 
idly as that of dead animals, whereas 
animals subjected to cold alone could 
maintain temperature reasonably well. 
In short, it would appear that emo- 
tional stress or excitement has an addi- 
tive effect (Lavenda, Bartlett, & Ken- 
nedy, 1956), accelerating depletion of 
the body’s vital protein and carbohy- 
drate stores when the organism is 
already under physical stress, 

To put this another way, then, in- 
hibition or dampening of emotional 


(Harris, 1956). The only discrepancy be- 
tween the two sets of findings is the status 
of cold, which is classified as a systemic 
stress by Fortier (1951) and as a neural 
stress by Harris (1956). This is, however, 
understandable, since the response to cold 
includes intense activity of the sympathetic 
nervous system. The basic question is 
whether stress exists that must necessarily 
be mediated by the central nervous system 
and the results are conclusive that emotional 
stresses like restraint or intense sound are 
in this category. 
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excitement component of the response 
to physical stress should have survival 
value for the organism. Relevant here 
are experiments showing the protective 
effects of sympathetic blocking agents 
in tumbling shock (Ross & Herczeg, 
1956), tourniquet and burn shock 
(Millican & Stohlman, 1956), and un- 
der oxygen at high pressure (Johnson 
& Bean, 1957). 

In any case, it is hard to conceive 
how mobilization of carbohydrate re- 
sources, involved in the pituitary- 
adrenal response, helps the graduate 
student to meet the stress of his doc- 
toral qualifying exams, or the lover to 
resolve a conflict between impulse and 
conscience. In the case of psycholog- 
ical stress, as Wolff (1953) has 
pointed out, the organism responds to 
psychological assault as if it were 
physical. 

Thus an essential difference between 
psychological and physical stress is that 
the former, necessarily mediated by the 
CNS, has no invariant effect. Whether 
a given psychological stimulus (making 
a public speech) triggers a protein 
catabolic response is a function of the 
previous conditioning and present level 
of reactivity of the nervous system. 
The effect of purely physical. stress, 
such as cold, can be considered far 
more invariant and unavoidable for 
both rat and man. 

Since the pituitary-adrenal response 
to psychological stress can be consid- 
ered maladaptive, the fact that the lat- 
ter has to be mediated by the CNS 


permits us to intervene and prevent . 


triggering of this protein catabolic re- 


sponse, by altering activity of the ne 


vous system. From a psychological 
point of view, this means influencing 
the early and present experience of the 
organism. We are concerned here 
with the effects of present experience 
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A number of studies have suggested 
the supportive effect of the small group 
under stress. Separation from the 
family and evacuation from London 
appeared more stressful for London 
children than did enduring the blitz 
with their family (Titmuss, 1950). 
Combat studies have suggested the ef- 
fectiveness of the small group (platoon, 
bomber crew) in sustaining members 
under severe battle stress (Mandle- 
baum, 1952). Marshall (1951) found 
that battle stragglers during a retreat 
were relatively ineffective when put 
back into the line with new units, but 
that units that had been able to stay 
together fought courageously and well 
when put back into the line as units. 
Research at Boston Psychopathic Hos- 
pital (1955) has shown that lysergic 
acid diethylamide (LSD) taken in a 
group situation results in less anxiety, 
interpersonal distortion, and inappro- 
priate behavior than when taken indi- 
vidually. These and other studies 
suggest that the presence of others, 
particularly others with whom one has 
previously interacted, has a protective 
effect under stress. 

A similar effect has been found at 
the animal level. Liddell (1950) found 
that a young goat isolated in an experi- 
mental chamber and subjected to a 
monotonous conditioning stimulus will 
develop traumatic signs of experimen- 
> tal neurosis, while its twin in an adjoin- 
ing chamber and subjected to the same 
stimulus, but with the mother goat 
present, will not. An experiment by 
Davitz and Mason (1955) showed that 
the presence of an unafraid rat sig- 
nificantly reduces fear response of the 
rat, as measured by activity in an 
open field. A recent experiment by 
Conger, Sawrey, and Turrell (1957) 
has shown that rats in a chronic 
approach-avoidance conflict situation 
alone had significantly greater result- 
ant ulceration than animals tested to- 
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gether. On the other hand, in pre- 
liminary studies Brady * has found no 
evidence for any effect of the presence 
or absence of another monkey on the 
physiological damage produced in the 
monkey by» severe emotional stress 
(continuous bar pressing to avoid elec- 
tric shock). 

Taken together, these studies at the 
human and animal levels suggest pres- 
ence of another animal of the same 
species has a protective effect under 
stress. 

An analysis of the above situations, 
such as the goat experiment, suggests 
the presence of two elements. One is 
a noxious agent, in these cases of a 
psychological nature—in that its ef- 
fects (presumably, even those of LSD) 
are mediated by the nervous system. 
The other is a social stimulus, the pres- 
ence of an animal of the same species. 

Now a simple hypothesis to account 
for the observed effects is that presence 
of an appropriate social stimulus in the 
same environment as a psychological 
stress agent, calls forth in the organism 
a “competing response” which inhibits, 
masks, or screens the stress stimulus, 
such that the latter has a minimal ef- 
fect. Thus the goat in the presence 
of its mother presumably heard the. 
noxious conditioning stimulus, but the 
response to the mother was such that 
it masked or inhibited the stress 
stimulus. 

Previous research has suggested that 
the pituitary-adrenal response to stress 
is initiated, in the general case, by 
excitation of the posterior hypothala- 
mus, in particular by the release of a 
chemotransmittor into the portal veins, 
which carry it to the anterior pituitary.* 
The response of the posterior hypo- 
thalamus can be considered an essential 


3J. V. Brady. Personal communication. 


1950. See also Brady (1958). 
4 For a more extended discussion of these 
points, see Bovard (1958). 
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factor in psychological or emotional 
stress, since it initiates both pituitary- 
adrenal cortical and sympathetic-adre- 
nal medullary activity. In general, 
then, the posterior hypothalamus can 
be considered the final common path- 
way for the neurohormonal influences 
that mediate effects of noxious physical 
or psychological stimuli on the organ- 
ism. It would be safe to argue that 
physical and psychological stress can- 
not be distinguished once the posterior 
hypothalamus has been triggered. 

Assume for a moment that electrical 
activity in the posterior hypothalamus, 
particularly in the region of the median 
eminence and mammillary bodies, has 
been dampened. An incoming pattern 
of neural impulses (the psychological 
stress) would therefore be less likely 
to trigger release of the transmittor 
substance from the neurosecretory cells 
and so initiate the entire protein cata- 
bolic sequence.’ 

Consider another case, where the 
level of activity is higher in the pos- 
terior hypothalamus. In this case, the 
same given incoming pattern of neural 
impulses would be more likely to trig- 
ger a pituitary-adrenal response. 

This can all be put another way: the 

*probability of a neutral environmental 
stimulus triggering the pituitary-adre- 
nal response is a function of the level 
of activity in those posterior hypothal- 
amic centers that initiate this response.® 


5 The mechanism here could involve lower 
postsynaptic potentials (Grundfest, 1957) 
and, hence, relative inexcitability of posterior 
hypothalamic neurosecretory cells, 

6 This argument applies equally well to 
the sympathetico-adrenal medulla response 
to stress, also mediated by the posterior 
hypothalamus. Both the pituitary-adrenal 
cortex and the sympathetico-adrenal me- 
dulla responses occur together (Ramey & 
Goldstein, 1957), and may in fact be con- 
sidered the two arms of a single re- 
sponse to stress (Cleghorn, 1953). While 
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In psychological terms, a person or 
animal with a low stress threshold 
(high posterior hypothalamic activity) 
would respond to almost any environ- 
mental change with a protein catabolic 
response; while a person with a high 
stress threshold would react very 
seldom to environmental disturbances 
with a pituitary-adrenal response. 

This point is nicely illustrated in a 
study reported by Graham (1953). 
Hospitalized patients were classified as 
mildly, moderately, or severely anxious 
and given equivalent isotonic saline in- 
jections. Mildly anxious patients gave 
the same adrenal cortical response as 
normal Ss; moderately anxious, a 
medium response; but those rated se- 
verely anxious gave the same response 
to saline as was found in normal Ss 
from an intramuscular injection of 10 
to 15 mg. of ACTH. The pituitary- 
adrenal response of the Ss to the same 
stimulus was therefore a direct func- 
tion of their state of ‘“apprehensive- 
ness,” i.e., activity of the brain centers 
mediating fear and anxiety. 

In this connection, Hess (1954) 
found electrical stimulation of certain 


points in the posterior hypothalamus 


our argument, for the sake of clarity, has 
been confined chiefly to the pituitary-adrenal 
response to stress, and resultant adrenal 
cortical hormones, it should be kept in mind 
that stress simultaneously induces the release 
of epinephrine and nor-epinephrine (adrenal- 
ine and nor-adrenaline) into the blood 
stream from the adrenal medulla. The 
medulla is innervated by the splanchnic 
nerve of the sympathetic system, which 15 
under control of the posterior hypothalamus. 
There has been a good deal of evidence 
(Goldstein, Ramey, Fritz, & Levine, 1952; 
Johnson & Bean, 1957; Millican & Stohlman, 
1956; Ross & Herczeg, 1956) to suggest 
that in short-term physical stress at least, 
Sympathetic hyperactivity is the villain of 
the piece and that blocking of its effects, 
through sympathectomy or chemical agents 
has survival yalue for the organism. 
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produced a fear response in the cat, 
motor activity passing over to flight. 
Stimulation of other points in this re- 
gion, particularly near the descending 
fornix, produced a full-blown defensive 
reaction. Lilly (1957) elicited in mon- 
key a state of anxiety and terror, 
through stimulation of the hypothala- 
mus, just above the pituitary stalk, 
that was more unpleasant even than 
severe pain for the animal. There 
seems little doubt that the hypothala- 
mus must be included in the brain 
centers mediating fear and anxiety. 

A recent study (de Molina & Huns- 
perger, 1959) has shown that elabora- 
tion of elementary affective reactions is 
the function of an entire subcortical 
system, extending along the fibres of 
the stria terminalis from their origin 
in the amygdaloid nucleus (see Bo- 
vard, 1958, Fig. 1) to their projections 
on the preoptic and perifornical zones 
(Hess, 1954) of the hypothalamus. 
Integrated defensive patterns, includ- 
ing growling and hissing, were elicited 
in cat by electrical stimulation along 
this pathway. This evidence suggests, 
therefore, that the hypothalamus is only 
one sector of a well-defined subcortical 
system for the elaboration of fear and 
Tage patterns. 

If we now assume that the presence 
of another person in the human stud- 
ies, and presence of an animal of the 
same species in the animal studies, has 
dampened activity of the posterior hy- 
pothalamus, the observed phenomena 
can be accounted for. Not only would 
the pituitary-adrenal reaction be damp- 
ened in such a case, but sympathetico- 
adrenal medulla activity also would be 
inhibited. Defensive (fear and rage) 
tesponses, in elaboration of which the 
Posterior hypothalamus has a part, 
would also be reduced, it can be noted 
here, though our primary concern in 

IS paper is with the neuroendocrine 
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rather than with the behavioral re- 
sponses to noxious stimuli. 

A number of recent studies (Gell- 
horn, Nakao, & Redgate, 1956; Shi- 
mazu, Okada, Ban, & Kurotsu, 1954) 
have suggested a reciprocal inhibitory 
effect between the posterior hypothala- 
mus, concerned with protein catabolism 
in long- and short-range responses, and 
the anterior hypothalamus and para- 
sympathetic centers, concerned largely 
with anabolic functions. Stimulation 
of the latter region would appear to 
inhibit activity of the former.” 

The simplest hypothesis to account 
for the observed phenomena at the hu- 
man and animal levels is, therefore, 
that the presence of another member of 
the same species stimulates activity of 
the anterior hypothalamus and thus, as 
a by-product, inhibits activity of the 
posterior hypothalamus and its centers 
mediating the neuroendocrine response 
to stress. Previous interaction with 
the other person or animal, as the case 
may be, could be assumed to accentuate 
this effect. 

Experimental testing of the proposi- 
tion that social stimuli dampen the 
response to stress could involve, as in- 
dices of this response, either the pitui- 
tary-adrenal cortical or the sympathet- 
ico-adrenal medullary components (see 
Footnote 6). Both responses occur 
together and are mediated by the pos- 
terior hypothalamus. 

Sympathetico-adrenal medulla. The 
reaction of the sympathetic division of 
the autonomic nervous system in stress 
is important to our argument, not only 
because this system reacts as a unit 


7 The reciprocal relation of anterior and 
posterior hypothalamus appears to be re- 
flected in the inverse relation (Selye, 1950, 
p. 103) of growth hormone (somatotrophin 
or STH) production, mediated by the an- 
terior hypothalamus, and ACTH production, 


under stress. 


272 


and affects wide reaches of the organ- 
ism and can be held responsible for 
short-term damage under psychological 
stress, but because it is much more 
accessible to experimentation by psy- 
chologists than the pituitary-adrenal 
reaction, 

Heart rate has been used by a num- 
ber of investigators as an index of 
sympathetic activity. In an experi- 
ment with human Ss, Notterman, 
Schoenfeld, and Bersh (1952) found 
the unconditioned response to electric 
shock was acceleration of heart rate. 

Two other measures show promise 
as indices of the response to emotional 
stress. A study by Newton, Paul, and 
Bovard (1957): showed a drop of 4.0 
degrees F. in finger temperature of Ss 
who had just experienced a three- 
minute role-playing situation in which 
they were “fired,” compared to a drop 
of .6 degrees for Ss who had just ex- 
perienced a situation in which they 
were “promoted.” A recent study by 
de Long, Uhley, and Friedman (1959) 
has shown that exposure to psycholog- 
ical stress (periodically and alterna- 
tively electrically charging one half of 
the floor of a specially constructed cage, 
and so forcing migration from one 

' side to the other), produced in the 
laboratory rat a significant reduction 
in blood clotting time, roughly pro- 
portional to the period of stress. The 
connection of blood clotting time to 
sympathetic reactivity, however, has 
not yet been established. 

A direct measure of sympathetico- 
adrenal medulla activity would, of 
course, be chemical analysis of urine 
for epinephrine and nor-epinephrine 
content. 

In these experiments, whatever the 
measure used for sympathetic response, 
the essential design would be to ex- 
amine the physiological reaction of the 
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S to stress under two conditions: alone, 
and in the presence of one or more 
members of the same species with 
whom the S has previously interacted. 
A particularly effective psychological 
stress for human Ss would be the 
role-playing situation mentioned above; 
for the laboratory rat, a brief period 
of restriction in a plastic box with air 
holes, just big enough for him to fit 
in comfortably, has an immediate and 
pronounced effect. Incidentally, sym- 
pathetic activity in the rat is quickly 
demonstrated to the handler by cool- 
ing of the rat’s paws. A convenient 
measure of this animal’s reaction to 
emotional stress would be, therefore, 
paw-temperature, measured by a ther- 
mocouple as is done for finger tempera- 
ture in human Ss. 

“In all these studies, the basic hy- 
pothesis would be that, in the presence 
of a social stimulus, the S’s physiolog- 
ical response to stress would be sig- 
nificantly reduced. 

Pituitary-adrenal cortical response. 
Measurement of this response, while 
more difficult for those with psycholog- 
ical training only than measurement 
of the sympathetic-adrenal medulla re- 
action, is nevertheless more important 
theoretically and is the very heart of 
the matter for the argument presented 
in this paper. Therefore if the neces 
sary liaison can be established with 4 
biochemist or two, direct measurement 
of this response would be worthwhile 
for the experimenter. 

Previous work with human Ss 
(Persky, Hamburg, Basowitz, Grinker, 
Sabshin, Korchin, Herz, Board, 
Heath, 1958) and with monkeys (Ma 
son, Harwood, & Rosenthal, 1957) has 
shown that blood plasma content © 
an adrenal cortical steroid, 17-hydroxy- 
corticosterone (hydrocortisone), ci 
be used in these species as an index ° 
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the response to emotional stress. In 
a new method recently developed for 
the rat, adrenal steroid output under 
stress can be conveniently measured 
(Guillemin, Clayton, Smith, & Lips- 
comb, 1958). While these direct 
measures are best for scientific pur- 
poses, they are inconvenient in the case 
of human Ss, since blood samples must 
be taken for analysis. 

Now the reader may have noted a 
different taste in his saliva under in- 
tense emotional stress. This is a re- 
sult of n change in electrolyte balance, 
ie, the ratio of potassium to sodium, 
in the saliva as a result of pituitary 
adrenal activity under stress. A series 
of preliminary experiments by Grad ê 
has suggested that the potassium- 
sodium ratio in saliva can be used as 
a measure of response to emotional 
Stress (talking to the experimenter 
while wearing glasses that exclude all 
light), in human Ss. The saliva re- 
quired can be conveniently obtained 
and the chemical analysis required is 
not too complicated for a psychologist 
without any special training in chem- 
istry. 

In these experiments, the aim would 
be to examine the result of stress on 
blood and saliva content in the pres- 
ence and absence of an appropriate 
Social stimulus. 

Another method of getting at the 
effect of social stimuli on the response 
to stress is suggested by the experi- 
Ments of Bartlett et al. (1953, 1954) 
teferred to above. It can be hypoth- 
esized that body temperature under 
extreme cold or heat can be better 
maintained in a group of persons with 
4 previous history of interaction, com- 
pared to a group without such experi- 
ence, since the emotional component of 
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these stress agents would be reduced 
or eliminated for Ss in the first group. 

Anterior hypothalamus, To account 
for the dampening of the response to 
Stress by social stimuli, it has been sug- 
gested that social stimuli activate the 
anterior (parasympathetic) hypothala- 
mus, this increased activity in turn in- 
hibiting the activity of the posterior 
hypothalamus. While reciprocal inhi- 
bition of the anterior and posterior hy- 
pothalamus has been experimentally 
demonstrated, as noted above, there is 
as yet no evidence for the hypothesis 
that social stimuli activate the anterior 
hypothalamus. 

The work of Redgate and Gellhorn 
(1955) suggests this hypothesis could 
be tested by examining blood pressure 
and pulse rate of the § under a social 
stimulus (no stress need be present in 
this experiment). If anterior (para- 
sympathetic) hypothalamic activity is 
increased under the social stimulus, 
then the 5 should show a slower return 
of blood pressure from drug-induced 
hypotension and an increase in reflex 
slowing of the pulse from nor-epineph- 
rine, compared to a control situation 
in which the social stimulus was absent. 

A crucial point in this discussion has 
been whether, when the posterior hypo- 
thalamus is activated under stress, a 
“competing response” to social stimuli 
occurs in the anterior hypothalamus, 
thus partially inhibiting posterior hypo- 
thalamic activity. Putting the matter 
this way assumes that neural patterns 
initiated by the noxious stimulus arrive 
at the posterior hypothalmus, while 
neural patterns initiated by the social 
stimulus arrive at the anterior hypo- 
thalamus. But this assumes that iden- 
tification of each type of stimulus and 
routing of the resultant neural impulse 
has already taken place: hypothalamic 


274 


activity is the result, so to speak, of 
decisions taken elsewhere in the ner- 
vous system as to the nature of the 
stimulus. 

What is therefore required, is a non- 
specific modulation of hypothalamic 
activity, determining relative levels of 
anterior and posterior activity, and a 
means of identifying environmental 
stimuli as noxious, reinforcing, or 
neutral. The amygdaloid complex (see 
Fig. 1, Bovard, 1958), a secondary 
olfactory center in the temporal lobe, 
with its rich connections to both an- 
terior and posterior hypothalamus, can 
provide just such nonspecific modula- 
tion of hypothalamic activity (Gloor: 
1955a, 1955b), thereby in effect setting 
the threshold for stress. Further, in 
its absence, some animals have been 
found to have difficulty in identifying 
motivationally relevant stimuli (food, 
natural enemies) as noxious or rein- 
forcing. 

Experimental evidence on the role of 
the amygdaloid complex in the re- 
sponse to stress is accumulating, and 
will be discussed at length elsewhere 
(see also Bovard, 1958). For the 
present, it seems a likely assumption 
that the effects of social stimuli on the 
response to stress are mediated by the 
amygdaloid nucleus. 


The hypothesis that social stimuli 
dampen the response to stress would 
seem to have implications for fields as 
widely different as psychotherapy and 
interplanetary exploration. 

It could be expected that one of the 
effects of the personal relationship 
found by Fiedler (1950) and others 
to be an essential factor in psychother- 
apy would be to help free the patient 
(either in group or individual therapy) 
from the stress reaction his own ideas 
and impulses would ordinarily trigger, 
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by raising his over-all stress threshold, 
It is perhaps not too much to suggest 
that the physician-patient relationship, 
and its effects on the course of an ill- 
ness, can be in part understood in 
terms of the resultant dampening of 
the emotional stress component of the 
patient’s illness, hence leaving him 
more of his metabolic resources in re- 
serve to deal with the physical on- 
slaught of disease. 

Further, anesthetists have found that 
visiting the patient the night before an 
operation and establishing a personal 
relationship with him has value in 
inducing quick and easy anesthesia on 
the operating table the next day. In 
general, it has been found in medical 
practice that the more frightened and 
upset the patient is, the more difficult 
it is to induce anesthesia; that is to 
say, the more active the sympathetic 
system, the more resistance the anes- 
thetic drug has to overcome in quieten- 
ing the patient.’ Thus the amount of 
anesthetic required in the operation iS 
in part a function of the personal rela- 
tionship between the patient and his 
physicians. i 

In recent work with rats, the writer 
has observed that the more emotionally 
reactive the animal is prior to opera- 
tion, the larger the dose of anesthetic 
required to put him to sleep. Cri- 
teria for unconsciousness: when hard 
pinches of the tail and hind paws n° 
longer elicit squeals. 

In interplanetary exploration, where 
sudden changes of environment could 
be expected (from the results of animal 
experiments) to produce a severe 
pituitary-adrenal stress response, this 
reaction could be held to a minimum 
by proper use of social stimuli. The 
effect of presence or absence of others 


®P. Gloor. Personal communication. 1959. 


ee 


SocraL STIMULI AND THE RESPONSE to SrRess 


(and amount of previous interaction 
with them) on the S’s response to 
stress could be determined in isolation 
experiments, using sudden and pro- 
nounced changes in the internal labo- 
ratory environment as the stress and 
measuring the result in terms of adre- 
nal steroid blood plasma content, or 
potassium-sodium ratio in saliva and 
blood coagulation time if these latter 
are found to be reliable indices of the 
response to stress. Substitute social 
stimuli, such as sound of the human 
voice on tape, radio broadcast, or direct 
radio telephone communication also 
could be tested to determine their rela- 
tive effectiveness in dampening the 
stress reaction for those space pioneers 
who must make it alone. 

By using social stimuli to dampen 
the response to psychological stress of 
Space personnel, and by selecting per- 
sonnel who have high thresholds for 
Stress to begin with, a minimal re- 
Sponse to the stress of space explora- 
tion could be obtained. 

At a more mundane level, it can be 
Suggested our understanding of the 
Stress response may one day be ex- 
Pressed in the form of institutionaliza- 
tion of those forms of interpersonal re- 
lationship that, in early and present 
€xperience, can be shown to increase 
the individual’s tolerance for psycho- 
gical stress, 

The presence of, and interaction 
with, another member of the same spe- 
ces has been shown to have a protec- 
tive effect on the vertebrate organism 
Under Stress. This effect is accounted 
0r in terms of dampening of the pitui- 
tary-adrenal cortical and sympathetico- 
adrenal medullary responses to stress, 

Tough inhibition of the posterior hy- 
Pothalamic centers that, in the general 
A trigger these reactions. Such 
"hibition is hypothesized to result 
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from stimulation of anterior hypo- 
thalamic activity by the social stimulus. 
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In the experiments to be discussed 
in this paper, a variety of concept- 
identification problems have been con- 
structed and tested. It has been 
found that variations of the sequence 
of stimuli and the conditions of rein- 
forcement result in systematic varia- 
tions in the performance of college 
students. The over-all result of these 
studies is a complex network of func- 
tional relationships. The purpose of 
this paper is to show that a few as- 
sumptions about learning, already 
tested in other contexts, can account 
for most of the results in quantitative 
detail. 

We first describe the general experi- 
mental procedures and show how these 
procedures are to be interpreted theo- 
retically. Next we state the differ- 
ence equations of the theory and 
derive the computing formulas to be 
used. Our tests will center on pre- 
dicting the total errors made in 
solving each problem, since this is a 
natural and stable statistic, and one 
which can be predicted conveniently 
from the theory used. Finally we 
discuss five groups of experiments, 
giving a statement of our quantitative 
predictions and a report of the data 
and calculations which test the theory. 

The concept identification task 


1 This paper was supported in part by a 
grant from the University of Utah Research 
Fund and in part bya research grant (M-1759) 
from the National Institute of Mental Health, 
Public Health Service. 

The authors are indebted to Robert C. 
Haygood for his assistance in the collection of 
some of the data reported. 


studied in our experiments has been 
described completely in earlier re- 
ports (e.g., Bourne, 1957). By means 
of a stripfilm projector, geometric pat- 
terns are presented one at a time to S. 
These patterns are combinations of R 
relevant and I irrelevant binary stimu- 
lus dimensions. The S responds to 
each pattern by pressing one of a 
number of available keys to identify 
the category to which the pattern 
belongs. After each response the cor- 
rect answer is signaled automatically. 

Both two- and four-category prob- 
lems are used. In a two-choice 
problem, a typical solution would be 
effected by putting all red patterns in 
one category and all green patterns 
in the other. In this case we say 
that the color dimension is relevant. 
If it should happen that all the red 
patterns are triangles and all the green 
ones are squares, then the problem 
could be solved either by the color or 
by the shape dimension. We say 
that both color and shape are relevant 
and they are redundant. If some pat- 
terns are large and some small, but 
both large and small patterns appear 
in Category 1 and both large and 
small appear in Category 2, we say 
that the size dimension is irrelevant. 

In a four-choice problem there are 
two independent relevant dimensions. 
For example, Category 1 may contain 
all red squares, Category 2 all red 
triangles, Category 3 all green squares, 
and Category 4 all green triangles: 
In this case both color and size are 
relevant but they are independent 
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If all four categories contain both 
large and small patterns, we say that 
size is irrelevant. 

The interpretation of the two-choice 
problem is essentially that used in 
other analyses based on the present 
theory (e.g., Restle, 1959). The set 
of relevant cues, in a problem with 
several redundant relevant dimen- 
sions, is the union of the sets that 
belong with each such dimension. 
We assume in applications here that 
all sets are disjoint, so that the meas- 
ure of the union of several sets of cues 
is the sum of their separate measures. 
A set of irrelevant cues is associated 
with each irrelevant dimension. An- 
other set of irrelevant cues, of un- 
specified source, is introduced to take 
account of internal stimuli and inci- 
dental distractions which may affect 
performance. 

The experimental procedure de- 
termines whether a given set of cues 
is relevant or irrelevant. The meas- 
ure of a set of cues, e.g., the measure 
of the set of color cues, must be 
estimated from the data. It was 
known from earlier methodological 
studies that the various dimensions of 
physical variation used in the present 
experiments would produce roughly 
equal amounts of cues. Thus in our 
calculations we assume that the 
Measure of relevant cues is propor- 
tional to the number of relevant 
dimensions, and the measure of ir- 
televant cues from dimensions alone 
is proportional to the number of 
dimensions made irrelevant. 

Our method of deciding whether or 
not a dimension gives rise to a set of 
cues depends on the nature of the 
Sequence of patterns. Any geometric 
form used in our experiments must 
have some color, some shape, some 
Size, some location, etc. This would 
Suggest that color, shape, size, and 
location cues must all be present in 


279 


every problem. However, if all forms 
in an experimental series are the same 
shade of red, it seems to us unlikely 
that color would have any appreci- 
able effect on behavior. When we 
wish to remove a set of cues from 
consideration, that “dimension” is 
held constant throughout the se- 
quence of stimulus patterns. If both 
values of the dimension occur, as 
when both red and green forms are 
shown on different trials, the color 
cues are assumed to be present. 
They are relevant if one response 
is correct to red forms and another 
response to green forms. They are 
irrelevant if the correct response is 
uncorrelated with color. 

In our theory, the main parameter, 
or structural property of the problem, 
is the proportion of relevant cues. 
However, this does not mean that a 
mere physical inspection of the situa- 
tion enables us to predict perform- 
ance, because cues arise from the 
patterns as the patterns are received 
and evaluated by S. Rats, monkeys, 
and men do not get the same cues 
from the same physical situation; we 
cannot even expect all organisms of 
the same species to get the same cues. 
Problems and dimensions must be 
calibrated, using some of the learning 
data, to find out what measure of cues 
corresponds to each dimension. Once 
this calibration is completed for a 
class of Ss, the dimensions may be 
recombined in various ways to pro- 
duce new problems; the theory makes 
specific quantitative predictions of 
the curve of learning for many such 
recombinations. ; 

The four-choice problems used in 
several experiments require a new in- 
terpretation within the theory. These 
problems require S to perform two 
binary discriminations simultaneously 
to get the correct response. For ex- 
ample, if the four categories are red- 
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square, red-triangle, green-square, and 
green-triangle, S must respond cor- 
rectly on both the color and the shape 
dimensions to make the correct choice. 
Even if S should correctly guess that 
color and shape are to be the relevant 
dimensions, he can assign them to the 
wrong response dimensions. In the 
example stated, he might decide be- 
tween Keys 1, 2 versus 3, 4 on the 
basis of shape and 1, 3 versus 2, 4 on 
the basis of color, when the opposite 
arrangement is in fact correct. In- 
itially, the two arrangements . are 
equally possible. We assume that S 
learns nothing to the degree that he 
entertains the wrong hypothesis about 
response dimensions and learns at the 
rate appropriate for the two-choice 
problem if he takes the correct hy- 
pothesis. The two ways of arranging 
stimulus and response dimensions can 
each be assigned a priori probabilities 
of one-half. 
In some of our experiments the 
delay of reinforcement (information 
feedback) is varied. In all cases, as 
soon as S presses a key the stimulus 
pattern disappears. In the usual 
procedure, the reinforcing light over 
one of the keys is lit immediately. 
It is our interpretation that S learns 
the contingencies between patterns 
and reinforcing lights. A delay in- 
terval between these events requires 
that the connection be formed be- 
tween a trace of the pattern and the 
reinforcing light. In this situation, 
delay of reinforcement should inhibit 
learning because the traces undergo 
random decay or fluctuation during 
the delay period, and S can learn only 
those cues which survive the delay. 
The above discussion will be formal- 
ized next in a set of difference equa- 
tions. The mathematical structure 
is essentially that developed in earlier 
papers by the second author (Restle: 
1955, 1957a, 1958), but it has been 
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specialized and amended in the light) 
the interpretations mentioned abe 


MATHEMATICAL MODEL 


Mathematically, a concept identi 
cation problem is described as a s€ 
of cues. Cues arise from variation 
of stimulus dimensions as discussed 
above or from sources, such as back 
ground irrelevant cues from the ap 
paratus, from the surround, or from 
within S. The intention is to t 
entirely inclusive: anything S can 
as a basis of response is part of 
total set of cues. Let this set, for a 
particular problem, be called K, ang 
let any member of that set be calle 
k, or k’, etc. 
Conditioning 

We let F(k, n) stand for the prob 
ability that Cue k is conditioned to 
the correct response at Trial n. Ifk 
is an irrelevant cue then we may ta 
F(R, n) to be chance, 4 in a two-choi 
case, for all Trials n; no matter wh 
response might be conditioned to 
irrelevant cue, it has only a chani 
probability of being correct. Re 
vant cues are modified by reinfo 
ment so that they are conditioned | 
the correct response. We empl 
standard linear difference equatio 
on trials during which reinforceme 
for the correct response is given, 
F(k,m +1) = F(k,n)(1 — 0) +0 HI 
and when reinforcement is omitted, 
since there is no learning, 

F(R, n +1) = F(R, n) 
Since the incorrect response is nev 
reinforced in our experiments, we net 
not consider that case in the theory. 
If reinforcements are given on ~ of t! 
trials at random, the solution to tl 
equations is 
ME BED (L, —. 40)" 
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In this equation F is the mean propor- 
tion of relevant cues conditioned to 
the correct response; the mean is 
taken over all experimental sequences 
with probability of reinforcement 
equal to x. For most of our experi- 
ments, reinforcement is given each 
trial and r = 1, 


Adaptation 


In this model we suppose that ir- 
relevant cues, which are not predictors 
of reinforcement, become neutralized 
or adapted. When a cue is adapted 
it is ineffective in determining re- 
sponse. Letting A(k’, n) be the prob- 
ability that an irrelevant cue &’ is 
adapted at Trial m, we assume the 
linear equations 


Alk, n+1)=A(k',n)(1—0)+0 [4] 


if reinforcement is given on Trial n, 
and 
A(k':n+1)=A(kin) [5] 

if no reinforcement is given. With 
reinforcements given on ~ of the trials 
at random, the solution is 
A(k',n) =1 

— (1 — A(R’, 1))(1 — 78)" [6] 

Note that the rate parameter, 8, 
governing conditioning (Equation 1) 
and adaptation (Equation 4) is the 
same. This is a special case of pre- 
vious forms of the model, when 
adaptation is of completely irrelevant 
cues (Restle: 1957a, 1958). 


Probability of a Correct Response 


In this theory, the probability of a 
correct response is the proportion of 
functional (not adapted) cues which 
are conditioned to the correct re- 
sponse. Letting K be the set of 
cues in the problem, 

E CF(k, n) (1 — Alk, n))] 

E y 


n= a 
K 


If there is some randomness in the 
experimental procedure (eg, some 
blank trials given at random), we 
have expressions only for the mean 
values of F and A. These may be 
inserted into Equation 7 if we assume 
that the total number of cues in X is 
large. This assumption is made where 
necessary. 

Suppose that S begins naive, with 
F(k, n) =} for all cues and A (È, n) «0, 
It can be shown that if r is the propor- 
tion of relevant cues, 


27 a 0 OF au 
basi Fa -nd oe 


(see Restle, 1955). 


[8] 


Theory of Parameters 


A strong assumption of the model 
is that 0, which controls the rate of 
learning, is equal to r, the proportion 
of relevant cues. In the experi- 
mental applications we interpret this 
assumption as follows: if r is the 

ion of relevant cues present 
at the time of reinforcement and & 
is a relevant cue present at that time, 
then with probability r Cue & will be 
conditioned. If &’ is an irrelevant 
cue present at the time of reinforce- 
ment, then with probability r Cue &’ 
will be adapted. 

In some experiments the mean 
probability (over trials) that a certain 
cue will be conditioned or adapted 
may be less than r. This may happen 
because reinforcements are omitted 
on some trials—no learning would 
occur on such a trial (Atkinson, 1956) 
—or because reinforcement is delayed 
and some cues are not present at the 
time of its occurrence (Burke, Estes, 
& Hellyer, 1954). Suppose that Cue 
k coincides with a reinforcement on 
some proportion a of the trials, and 
on those trials the proportion of 
relevant cues is r. Then the mean 
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probability of conditioning or adapta- 
tion, 9, will be the joint probability 
that cue and reinforcement occur, 
and that the cue is learned on that 
trial if present. We assume that 
these two events are independent, so 
that we set 

[9] 


Theoretical Interpretation of the Four- 
Choice Problem 


6=ar 


We have interpreted the four- 
choice problem as requiring S to 
perform correctly on both of two 
two-choice problems. We consider 
one of the relevant dimensions as if 
it were irrelevant for learning the 
other dimension in computing r, the 
proportion of relevant cues. Fur- 
thermore, since there are two possible 
response dimensions and S does not 
know which to use for a given stimulus 
dimension, we suppose that the learn- 
ing rate is just half what it would be 
in the two-choice problem. If every 
cue is present every trial and rein- 
forcements are always given, we 
should have @ = 4r. 

Then, if pı(n) is the probability of 
correct response on one dimension and 
p2(m) is the probability of correct 
response on the other, and ,(n) is 
the probability of a correct response 
on the four-choice problem, we set 
be(m) = pi(m)po(n). In our experi- 
ments the two dimensions are about 
equally difficult and the Ss are naive, 
so that to an approximation 


be(n) = (pı(n))? [10] 
From Equation 8 we have an expres- 
sion for p:(m) for a naive S. Then 


eT PU Os 
pln)=(1 ata 
by (1—@)"4 
r+ (—n (1-6 
(1—6)2"-2 
Tatana M 
where 0 = 4r. 


=1 
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Estimation of Parameters 


There are many ways to estimate 
the parameters of a learning model 
(Bush & Mosteller, 1955), but we 
have chosen to concentrate on one 
which seems natural and appropriate 
to our data and model. The model 
assumes that the probabilities of suc- 
cess on any two trials are independent. 
This can be seen by inspecting Equa- 
tion 8 and Equation 11, which give 
the probabilities of success on Trial n 
in two- and four-choice problems. 
Note that p, can in both cases be 
computed without reference to what 
responses may have occurred on pre- 
vious trials. 

It is well known that if one throws 
a coin z times, where the probability 
of a head on each toss is p, then the 
expected number of heads is xp. It 
is equally true that if one tosses coins 
with probabilities pı, pe, c, Pn OF 
coming up heads, the expected num- 

n 


ber of heads is È pi provided that 
i=1 


the tosses are independent. In our 
situation, the expected number of 


N 
successes in N trials is X pn, by the 
1 


a 
same reasoning, and the expected 
number of errors is E (1 — pa). 

Thus from Equation 8, in a two- 
choice problem, the expected number 
of errors on Trials 2 to N is 


N 


(E 
naan t+(1—r)(1—6)"" 
We have not found a way to evaluate 


this sum exactly, but a good approxi- 
mation is obtained by taking 


N Aa 
Ey} CER idt 
=f r+ (1-7) (1—0) = 
log (r+ (1—r) (1 9) ¥—") 
(1-6) log (1—0) 


[12] 


[13] 


=1 
T 
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If training is continued until the prob- 
ability of an error (1 — p,) is very 
small, the approximation becomes 


ie } log (r) 
~~ (1 — 6) log (1 — @) 


and, when @ = ras in simple learning, 


1 
Be 2 log (8) [14] 
(1 — 6) log (1 — 0) 

In these calculations we have dis- 
carded the first trial previous to which 
no learning has taken place. This 
equation has been published else- 
where (Restle, 1955). Since Equa- 
tion 14 is not easily solved for 0, we 
have included a graph of the function 
in Fig. 1. 

Similar steps of reasoning on Equa- 
tion 11, which gives the learning curve 
for simple four-choice problems, also 
gives an equation relating r or 0 
to the expected total errors. In this 
case, of course, 0 = 4r. Since the 
equation is quite large we do not give 
it here, but we do include a graph of 
the function in Fig. 1. 

Whenever we have a simple prob- 
lem, with no missing reinforcements 
or stimulus trace decay to take ac- 
count of, the functions plotted in 
Fig. 1 can be used to estimate @ or r 
from the learning data expressed as 
mean total errors. In what follows, 
“estimated values of 6” are obtained 
by the above methods using total 
error scores. In those cases where 
stimulus trace decay or missed rein- 
forcements are studied, we estimate 
r or 6 by the graph for cases in which 
«= 1 (control groups with no delay 
of reinforcement, or no missing rein- 
forcements, etc.). We then make 
predictions, using more general forms 
of the equations for total errors in 
Which a (#1) appears, e.g., Equation 
13 with @ = ar. 


EXPERIMENTAL EVIDENCE 


The model as stated asserts that the 
tate of learning depends on the pro- 
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portion of relevant cues and certain 
other factors, such as stimulus trace 
decay. Furthermore, we have de- 
rived equations relating the rate of 
learning to total error scores. If this 
model is correct, it means that con- 
cept-identification experiments can be 
used to test a limitless variety of 
quantitative hypotheses. We shall 
limit ourselves to three main hy- 
potheses concerning : (a) the additivity 
of cues (Restle: 1955, 1957b, 1958, 
1959), in support of which we amass 
evidence on the additivity of irrele- 
vant cues which had not previously 
been demonstrated; (b) the relation 
between two- and four-choice prob- 
lems constructed from the same di- 
mensions; and (c) the exponential 
decay of stimulus traces, as would 
follow from the concept of random 
stimulus fluctuation (Estes, 1955). 


Redundant Relevant Dimensions: Cali- 
brating Relevant Dimensions 


Our first experimental test is of 
the additivity of cues, discussed in 


4 Choice 


ERRORS 
u 
o 


2 Choice 


“Ol 02.03 .05 5 10 15.20.30 .50 .80 

Fic. 1. Expected number of errors as a 
function of proportion of relevant cues, on a 
log-log plot. Nomographs for two- and four- 


choice learning. 
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earlier papers on this model (e.g., 
Restle, 1955). Various problems were 
constructed, all using the same ap- 
paratus, procedure, and irrelevant 
dimensions, but with different num- 
bers of redundant relevant dimensions. 
Recall that dimensions are made 
relevant and redundant as follows: 
Suppose that a red pattern belongs 
to Category (button) 1 and a green 
pattern belongs to Category (button) 
2. We can make all red patterns 
triangles, and all green ones squares; 
then S can solve the problem either 
by color or by shape. Both dimen- 
sions are relevant, and they are re- 
dundant. Pattern presentation, re- 
cording, and control of the time 
characteristics were automatically per- 
formed. One hundred and eighty Ss 
were assigned randomly to 12 treat- 
ment combinations as determined by 
an incomplete 6 X 3 factorial design. 
Six levels of redundant relevant 
stimulus information, 1, 2, 3, 4, 5, and 
6 dimensions, and three levels of non- 
redundant irrelevant information, 1, 
3, and 5 dimensions, were used. The 
design was incomplete since not all 
levels of relevant information were 
represented at all degrees of irrelevant 
information. Allowing the first digit 
to represent the number of relevant 
dimensions and the second to repre- 
sent number of irrelevant, the 12 
conditions explored were 1-1, 2-1, 
3-1, 4-1, 5-1, 6-1, 1-3, 2-3, 3-3, 4:3, 
1-5, and 2-5. The criterion of con- 
cept solution was 16 consecutively 
correct pattern identifications. For 
a more complete description of the 
experiment, see Bourne and Haygood 
(1959). 

Adding redundant relevant dimen- 
sions should increase the proportion 
of relevant cues, r. If R is the num- 
ber of redundant relevant dimensions, 
and each contributes the same sized 
subset of cues, then the number of 
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relevant cues should be proportional 
to R; it should be RR, where k is an 
unknown constant. Similarly, the 
total number of cues (relevant and 
irrelevant) in the situation should be 
a + bR, where a represents the amount 
of irrelevant stimulation from irrele- 
vant dimensions and other sources, 
and bR is the amount of relevant and 
irrelevant stimulation arising from 
the redundant relevant dimensions. 
Then the proportion of relevant cues 
should be 
kR 
ep 
a+bR 


From the data and the nomograph, 
Fig. 1, we can estimate 7 for various 
values of R. We then may determine 
values of k, a, and b. It is easily seen 
that estimating two of these constants 
is enough; since we deal only with 
ratios, one of them can be chosen arbi- 
trarily as the unit of measurement of 
subsets of cues. We let b = 1 so 
that the total contribution of cues 
from a single dimension is 1. The 
data indicate that k = 3 and that 
a = 3.4 + I, where I is the number 
of irrelevant dimensions in the prob- 


lem. In this case, we have 
a 
R+1+34 


This formula states that relevant and 
irrelevant dimensions contribute the 
same amount of cues, that relevant 
dimensions yield half relevant and 
half irrelevant cues, and that other 
sources of irrelevant cues in the situa- 
tion have an effect corresponding to 
about 3.4 dimensions. 

These parameter values, which we 
shall use in later computations, were 
arrived at indirectly. First, for vari- 
ous values of R and J, we estimated ” 
from the data, by Fig. 1. We then 
tried to find optimal values for k and 
a which would yield a set of 7’s close 


_—" = 


MATHEMATICAL THEORY OF CONCEPT IDENTIFICATION 285 


to those obtained. The parameters 
were chosen by an informal iteration 
and are not least-squares solutions. 
We sought to select parameters which 
would permit a good reproduction 
not only of the estimated r's, but also 
of the raw (total errors) data; ex- 
plicit solution of the needed estima- 
tion equations turned out to be 
difficult. 

The equation above is not accurate 
with respect to the color dimension, 
though it seems satisfactory for any 
of the others. Apparently the color 
dimension is much more discriminable 
than the others, in our experiments, 
and we estimate that all cues from 
the color dimension are relevant. 
With this adjustment, we find that 
the parameters reproduce the data 
adequately. In Table 1, the fitted 
values of r (or @) are compared with 
those estimated from the experiment; 
the expected error scores, fitted and 
obtained, are also compared. The 
results of this computation are shown 
graphically in Fig. 2. The fact that 
the model adequately describes the 
error scores of these 12 groups is 
significant, although this analysis 


MEAN ERRORS 


I 2 3 4 5 6 
NUMBER OF RELEVANT DIMENSIONS 


Fic. 2. Mean number of errors as a joint 
function of the number of redundant relevant 
and the number of independent irrelevant 
dimensions. Solid lines are theoretical. 


is not presented as a precise test of 
the theory. More important is the 
fact that we now have some con- 
fidence that the various dimensions 
yield about equal amounts of cues, 
and that (except for color) each 


TABLE 1 


COMPUTED AND OBTAINED 7 AND MEAN 
REDUNDANT RELEVANT AND NUMBER OF 


Errors AS A FUNCTION OF NUMBER OF 
INDEPENDENT IRRELEVANT DIMENSIONS 


No. . of Irrel. Computed Obtained Computed Obtained 
Dimelo ae rae 7 Errors Errors 
4.3 
1 .19 .22 5.5 5 
2 1 24 27 3.9 3.2 
3 1 28 .28 3.2 3.1 
4 1 30 28 2.8 3.1 
5 1 .32 32 2.7 2.7 
6 1 34 38 2.5 2.1 
1 3 14 14 8.2 z 
2 3 AS 16 5.7 Ss 
3 3 21 18 4.4 a 
4 3 :24 .24 3.8 3. 
13.6 
.11 .09 11.8 


ASSUMING THAT DIMENSIONS HAVE THE SAME WEIGHT AS IN A CORRESPONDING 
Two-CHoicE PROBLEM, WITH VARIABLE NUMBER OF REDUNDANT 
IRRELEVANT DIMENSIONS 


Number of Irrelevant Dimensions 


2 3 4 | 5 


Predicted r, four-choice problem 212 
Estimated r, four-choice problem .222 
Predicted mean errors, four- 15.6 
choice problem 
Observed mean errors, four- 14.7 
choice problem 


-220 197 -166 
216 -205 -148 
14.8 17.0 21.0 


| 
| 
| 
| 
15.4 16.1 24.2 | 28.0 
| 


dimension, when relevant, will con- 
tribute half relevant and half irrele- 
vant cues. We shall employ this 
information in predicting performance 
in more complicated experiments, a 
task to which we now turn. 


Two- and Four-Choice Problems 


The first use to which we put these 
estimates is in studying the corre- 
spondence between two- and four- 
choice problems. In one experiment 
(Bourne & Haygood, 1959), inde- 
pendent groups (M = 10) of Ss were 
required to solve two-choice (one 
relevant dimension) and four-choice 
(two independent relevant dimensions) 
tasks. The experiment was repli- 
cated five times, with 1, 2, 3, 4, or 5 
redundant irrelevant dimensions in 
the problem. The apparatus and 
procedure were essentially the same as 
in the earlier study. 

From the data of the two-choice 
problems, we estimate that r = .34, 
36, .30, .24, and .17 for the five 
different levels of irrelevant informa- 
tion. In the four-choice problems v 
will be lower because, with two inde- 
pendent relevant dimensions, each is 
irrelevant for learning the other. 
Consider the first experimental case, 
with r = .34, Disregarding the color 


dimension for the present, we note 
that in theory this means 
z 
a, B 34 

where B is the amount of irrelevant 
stimulation, and a dimension is given 
unit weight. In these units, B = .47. 
This does not correspond very well 
with our estimate of background cues 
from the previous experiments, but 
the difference may be due to better 
experimental technique. 

In the four-choice problem, there 
will be one more dimension acting as 


irrelevant in learning this dimension. 
Then, 


1 


r .20 


1 
PEL 
whence we should expect that, in the 
four-choice problem, r = .20. The 
obtained value was .22, which is 
rather close. 

In our detailed computations we 
have taken account of the color 
dimension whenever it appears as 
relevant. The predicted and esti- 
mated values of v for the four-choice 
problem are shown in Table 2, along 
with the total error scores expecte 
from our predictions and the ob- 
tained total error scores. The pre- 
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TABLE 2 
COMPUTATION OF THE PROPORTION OF RELEVANT CuEs (r) IN A FOUR-CHOICE PROBLEM 
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dictions fall very close to the data. 
We emphasize that in this case we 
predicted the total error scores on the 
four-choice problems without using 
any four-choice data; the predictions 
were based only on the data from two- 
choice problems. Since the two- 
and the four-choice problems differed 
widely in difficulty, the ability to 
predict one from the other indicates 
that the model is quite powerful. 
However, when we repeated the 
computations on the data from an 
experiment by Walker (1958), our 
results were not as good. It should 
be mentioned that Walker's stimulus 
patterns were drawn figures presented 
to S by a memory drum; S was 
paced through the pattern sequence 
at a 6-sec. rate. Also, we note that 
Walker’s problems differed in number 
of independent irrelevant dimensions. 
Computations are shown in Table 3; 
our predictions were far from the 


TABLE 3 


CoMPUTATION OF THE PROPORTION OF 
ReLevant Curs (r) IN A Four-CHOICE 
PROBLEM, BASED ON RESULTS OF CORRE- 
SPONDING Two-CHOICE PROBLEMS, WITH 
VARIABLE NUMBER OF INDEPENDENT lR- 
RELEVANT DIMENSIONS® 


Number of Irrelevant 
Dimensions 
1 2 Š 
Mean errors, two- 5.3 8.6 |15.0 
choice problem 
Predicted r, four- .136| -105| .082 
choice problem 
Estimated r, four- -170 127 ay 
choice problem 
Predicted errors, 27.6 | 39.3 | 53.0 
four-choice prob- 
lem 
Observed mean 21.2 |30.5 | 32.5 
errors, four-choice 
problem 


"Walker data, 
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facts. Closer analysis revealed that 
the discrepancy could be explained 
accurately as due to one factor—the 
background irrelevant cues were much 
more powerful in the two- than in the 
four-choice problems. It is possible 
that Ss in the two-choice tasks ex- 
pected more difficulty than they 
encountered and produced irrelevant 
hypotheses of their own. We have 
noticed in these simple problems that 
college students often invent hy- 
potheses far more complicated than 
those produced by relevant dimen- 
sions. It is perhaps reasonable to 
think that in the four-choice problems 
Ss, faced with what is prima facie a 
difficult task, would be less likely .to 
invent difficulties. In fact, however, 
we have no evidence that this, or 
Walker’s methodological change, is 
the actual source of the discrepancy. 


Additivity of Irrelevant Dimensions 


Since we know expected total errors 
as a function of r, the theory tells us 
how total errors should vary as a 
function of number of irrelevant di- 
mensions, J. Over the range of 
error scores likely to be encountered 
in the laboratory (up to about 1,000 
errors), expected total errors is a 
slightly sigmoid, almost linear func- 
tion of J. This theoretical deduction 
has been confirmed in all our experi- 
mental cases except one (Archer, 
Bourne, & Brown, 1955), where the 
group with five irrelevant dimensions 
made more than the expected number 
of errors. However, the patterns in 
that study were produced on an 
oscilloscope and certain apparatus 
difficulties may have reduced dis- 
criminability between the levels of 
certain dimensions with as many as 
seven dimensions varying. _ 

Based on our earlier estimates we 
expect that, if all dimensions have 
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Vr 


! 2 3 4 5 

NUMBER OF IRRELEVANT DIMENSIONS 
Fic. 3. 1/ras a function of the number 

irrelevant stimulus dimensions. ‘Data 


abstracted from several of the report 
experiments. Fa 


equal weight when irrelevant, 


ROSP 1A Ns 
R+I+B 


where R is the number of relevant 
dimensions, I is the number of irrele- 
vant dimensions, and B is the amount 
of residual or background irrelevant 
stimulation from apparatus, surround, 
and internal cues. Simple algebraic 
rearrangement of the above equation 


shows that 
_ 2(R+ B) (3 


1/r R 
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If we assume that in a given experi- 
mental situation B is constant, and if 
we hold R fixed, the reciprocal of r 
is a linear function of J. To test the 
predicted relationship between r and 
I, we have plotted 1/r, estimated 
from most of the available data, as a 
function of J (see Fig. 3). The 
omitted cases are very much like the 
ones shown. It will be seen that 1/r 
in fact does plot as a straight-line 
function of J and that the deviations 
are not systematic. 

This is the first test of the functional 
relationship between number of ir- 
relevant dimensions and the rate of 
learning. The theory states that 
learning rate depends on the relative 
amounts of relevant and irrelevant 
cues, from which it follows that in- 
creasing the number of irrelevant cues 
should retard learning. It not 
surprising that performance gets worse 
with more irrelevant dimensions— 
this could occur for any of several 
reasons. However, since we have 
found repeated confirmation of the 
particular functional relationship pre- 
dicted by the theory, we feel some 
confidence that the theory correctly 
states how these irrelevant cues pro- 
duce their detrimental effect. 

Our prediction formula assumes 
that the measure of irrelevant cues 
increases proportionally as the num- 
ber of irrelevant dimensions is in- 
creased. This assumption implies ad- 
ditivity of irrelevant cues, and its 
confirmation supplements previous 
findings on additivity of relevant cues 
(Restle: 1955, 1957b, 1958, 1959, and 
the results reported above). 


is 


The Effects of Delaying Reinforcement 


f In our experiments we are able to 
introduce controlled delays between 
the termination of a stimulus pattern 
and the onset of the reinforcing light- 
The experimenter’s procedure is like 


‘that in trace conditioning. Our in- 

terpretation is that the cues arising 
from the pattern will decay after the 
"pattern is terminated, so that only a 
“part of them will be present to be 
conditioned or adapted when rein- 
“forcement occurs. The set of cues 
still present after a certain time 
interval measured from the termina- 
tion of the pattern will be called the 
“trace.” 

A quantitative theory of the spon- 
taneous change in a set of cues over 
time has already been suggested by 
Estes in his stimulus-fluctuation theory 
(Estes, 1955), which we adapt to our 
needs. At any time during the delay 
‘period, from the end of the presenta- 
tion of the pattern to the onset of 
the reinforcement, cues may disap- 
pear. We assume that the prob- 
ability of a cue disappearing (in a 
“given short interval) is independent 
of how long that cue has already sur- 
vived. Suppose that the probability 
of disappearing in a unit interval is 
1-d, and the probability of surviving 
‘isd. The probability that a cue sur- 
‘vives one such unit interval is d, the 
probability that it survives two in- 
“tervals is d?, and that it survives ¢ 
intervals isd‘. This line of reasoning, 
‘with suitable adjustments to deal 
with continuous time, yields an ex- 
ponential curve of decay. 

On different trials different cues 
will survive the delay interval. Even- 
‘tually, then, all relevant cues can be 
conditioned and all irrelevant cues 
can be adapted. If this occurs, 
asymptotic performance will be per- 
fect. Accordingly, we expect that 
delay of reinforcement will not pre- 
vent Ss from attaining perfect per- 
formance. However, the random de- 
‘cay process during delays has the 
effect of permitting only a fraction of 
the original set of cues to be pres- 
nt at reinforcement. Reinforcement 
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leads to conditioning and adaptation 
of cues which are present at the time 
of reinforcement, but has no effect on 
other cues. Thus the probability 
that a certain relevant cue will be 
conditioned on a given trial is reduced, 
since it will be conditioned only if 
both of two events occur jointly: (a) 
the cue survives the delay period and 
is present, an event which has prob- 
ability d'; and (b) the cue if present is 
conditioned, an event with probability 
fs = Ir. The probability that a cue 
is conditioned, if the delay is of 4 
seconds, would then be 

LA - Od (1s) 


Exactly the same argument applies 
to irrelevant cues and the probability 
that they will be adapted. We as- 
sume that both relevant and irrele- 
vant cues decay at the same rate, 
hence the ion of relevant cues 
r remains constant, but the rate of 
learning decays exponentially with 4 
Data suitable to test these predic- 
tions have been collected (Bourne, 
1957). In the experiment the re- 
sponse, pressing a button, terminated 
the stimulus pattern at once, but the 
reinforcing signal was delayed by a 
controlled amount of time, 0, -$, 1, 2; 
4, or 8 sec. for different groups. 
experiment used self-paced four-choice 
problems with 1, 3, or 5 irrelevant 
dimensions, making a total of 18 
groups with nine Ss in each group. 
All Ss reached criterion of 32 con- 
secutive correct responses, confirming 
our prediction that problems with 
delay of reinforcement are 
Using the data of the three groups 
with 0 delay of reinforcement and 1, 
3, and 5 irrelevant dimensions, we 
estimate three values of r, having 
o = 4r. Our hypothesis states that 
there is some constant, d, between 
zero and one such that ô; = Od‘. To 
test this we estimated each of the 15 
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Fic. 4. Log learning rate as a function 
of delay of information feedback. Solid line 
is fitted, 


values of @ from the data of groups 
which had delays of reinforcement, 
assuming that @ of Equation 15 
would depend only on the number of 
irrelevant dimensions. The first ques- 
tion is whether the data would fit 
Equation 15 with a single parameter d. 
A useful transformation is to take 
the logarithm of both sides of Equa- 
tion 15, obtaining 


log (@:) = log (8) + tlog (d) [16] 


or 
log (6;/80) = tlog (d) 


Our prediction is now: if we plot our 
estimated values of ð, in the form 
6:/80, the values should describe a 
descending straight line from the 
origin with a slope of log (d). 

These estimates were made and the 
transformed data are shown in Fig. 4. 
We see that log (6/00) plots as a 
descending straight line as required 
by the simple decay hypothesis. The 
observed differences among the three 
sets of points may reasonably be 
attributed to small chance deviations 
in the estimates of 6, which are used 
as if they were fixed values in these 
computations. 

From the plot in Fig. 4 we can esti- 
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mate that d = .89, so that 6, = fẹ 
(.89)& Using this as an approxima- 
tion we compute @, for each time delay 
and each level of irrelevant cues. 
Then, by use of Equation 11, we can 
reconstruct the complete table of 
mean errors as a function of delay of 
reinforcement. If the reconstruction 
is successful, it suggests that the 
model correctly describes deteriora- 
tion of performance as a function of 
delay of reinforcement and that the 
decay constant does not depend on 
the number of irrelevant dimensions. 
The results of this computation are 
shown graphically in Fig. 5. The 
deviations are not systematic, the 
largest discrepancies being at large 
mean error scores where the obtained 
scores are quite variable. 

Since our calculations do not lead 
to serious error, it appears that our 
hypotheses may be approximately cor- 
rect. That is, first, the stimulus 
trace dissipates exponentially during 
the interval between the end of the 
pattern presentation and the onset of 
reinforcement. Second, learning takes 
place at the time of reinforcement, 
acting only on those cues which sur- 
vive the delay; the stimulus variabil- 
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3 Fic. 5. Mean number of errors as a func- 

tion of delay of information feedback and 
number of irrelevant stimulus dimensions. 
Solid lines are theoretical. 
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ity induced by the delay retards learn- 
ing. A previous study had shown 
that controlled stimulus variability 
has just such an effect on the rate of 
learning (Burke, Estes, & Hellyer, 
1954). Third, the rate of decay of 
stimulus traces, about 11% per sec- 
ond, is independent of whether the 
trace is of relevant or irrelevant di- 
mensions and is not affected by the 
proportion of relevant cues in the 
problem. 


The Effects of Omitting Feedback on 
Some Trials 


Previous studies of two-choice dis- 
crimination with simpler experimental 
procedures have indicated that no 
learning occurs on trials without re- 
inforcement (e.g, Atkinson, 1956). 
This result suggested the formulation 
given earlier that when no reinforce- 
ment occurs the values of F(k, n) and 
A(k',n) remain constant. Our at- 
tempt to produce this result experi- 
mentally led to some interesting 
complications. 

In the study to be discussed 
(Bourne & Pendleton, 1958), the 
main variable was the frequency of 
“blank trials,” trials on which no 
information feedback was given. On 
a blank trial, the pattern was termi- 
nated at the response, but none of the 
signal lights which indicate the correct 
answer was lit. After 5 sec. a new 
pattern was presented, beginning the 
next trial. The proportion of rein- 
forced trials was set at 1.0 (control), 
:9, .8, and .7, and the experiment was 
repeated with problems having 1, 3, 
or 5 irrelevant dimensions; the ar- 
rangement yields a 3 X 4 factorial 
design with 12 groups of Ss. Self- 
paced four-choice problems were used 
throughout. ` 

Since, theoretically, no learning 
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occurs on blank trials, the result 
shouki be a simply deduced reduction 
in the mean learning rate (the mean 
computed over training trials). If 
reinforcement is given only on © of the 
trials at random, Equation 3 and 
Equation 6 should apply. We can 
estimate r from the control groupe 
by use of Fig. 1, and then predict the 
learning rates in the other groups 
by theory. The resulting predictions 
were not accurate, The groups with 
blank trials learned more slowly than 
predicted, suggesting that the blank 
trials interfere with learning on trials 
with reinforcement. 

The findings of the previous study 
of delayed reinforcement suggest a 
possible source of interference; on 
blank trials the pattern trace persists, 
and when the next trial begins those 
traces interfere with the cues of the 
new pattern. 

According to our findings on the 
previous experiment, the decay of a 
trace may be represented by the 
function d', where d is approximately 
.89. In the present experiment, 5 sec. 
intervened between the response and 
the presentation of the next pattern. 
In this time the trace would decay to 
a strength of (.89)* = .56 of its pre- 
viousstrength. This remainder would 
interfere with learning on the next 
trial. Since any mix between two 
successive patterns is irrelevant (the 
sequence ensures this, since the same 
response is never correct twice in a 
row in any of the four-choice prob- 
lems), we should expect that, on the 
trial just following a blank trial, 56 
of the relevant cues would be made 
irrelevant. 

This means that there are three 
kinds of trials with three different 
learning rates; (a) trials with no rein- 
forcement, on which 8 = 0; (6) trials 
following nonreinforced trials, on 
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which @ = (1 — .56)(r/2); and (c) 
other trials, on which @ = 7/2. 

In the sequence, two blank trials 
never followed one another. Thus, 
when reinforcements were given on r 
of the trials, there were 1 — r blank 
trials, and 1—-# trials following 
blank trials. The mean learning rate 
is therefore 


ð. = (1 — #)(0) 
+ (1 — #)(1 — .56)(r/2) 
+ (1 — (2 — 2x))(r/2) 
= (1.568 — .56)(r/2) 


We can estimate r from the data of 


TABLE 4 
Tue Errect or BLANK TRIALS on TOTAL ERROR SCORES 


Number of Irrel. Dim. 


> 
~ 


* Data from this group were used in calibration. 
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shown by the solid lines in Fig, 
Only one control group (x = 1, Z = 
was used for purposes of estimat 
the values of r; all other values) 
computed solely by reference to th 
experimental procedure and thre 
the use of information gleaned fre 
the previous experiment about Ú 
rate of decay of pattern traces, 
The reader is cautioned that ı 
have not established that stimulu 
traces from nonreinforced trials inte: 
fere and retard learning. We h 
however, shown that if this is the cas 
the result should be exactly what was 
observed. A further study is de 
in which blank trials are introduc 
but in which the time interval be 
tween the end of the pattern present 
tion and the initiation of the 
trial is varied. In the present s 
that interval was fixed at 5 sec. foi 
all groups. If it had been, sara a 
sec., we should expect that 9, woulé 
almost equal 76;, and our first 
putation would have been succe: 
If the interval were less than 5 sec. 
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however, the discrepancy should be 


even larger. 


DIscUssion 


In this paper we have reported an 
attempt to extend a theory of dis- 
criminative learning so as to analyze 
the process of identifying concepts. 
We have drawn on two sources: (a) 
theoretical analyses of animal and 
human learning in simple discrimina- 
tion problems (Atkinson, 1956; Estes, 
1955; Restle: 1955, 1957a, 1958) and 
(b) the procedures of concept-identi- 
fication experiments (Bourne, 1957; 
Bourne & Haygood, 1959; Bourne & 
Pendleton, 1958; Walker, 1958). 

The analysis arises from the as- 
sumption that concept identification is 
a slight complication of discrimina- 
tion learning. We have employed a 
theory which states that discrimina- 
tion learning involves two processes— 
conditioning relevant cues and adapt- 
ing irrelevant cues. The rate of 
these processes depends on the propor- 
tion of relevant cues and the 
ability that a cue is present at the 
time of reinforcement. In the experi- 
ments various stimulus dimensions 
such as color, size, shape, number, and 
position were varied in some problems 
and not in others. When varied, a 
dimension could be relevant (corre- 
lated with reinforcements) or irrele- 
vant. It is natural to attach hypo- 
thetical sets of cues to each such 
dimension, calling the cues relevant 
or irrelevant according to how the 
dimension is reinforced. In one ex- 
periment reinforcement was delayed 
after the termination of the stimulus 
presentation. Our theoretical inter- 
pretation was that the trace of the 
stimulus would decay during that 
Period (i.e., that cues would drop out 
randomly). A simple form of such 


decay suggested by Estes’ notion of 
fluctuation of stimulus elements leads 
to predictions that delay of reinforce- 
ment would not prevent perfect per- 
formance but would retard learning, 
the rate of learning being an exponen- 
tial decay function of the duration of 


delay. In another experiment, some 
trials were left unreinforced. To 
the results we drew on Atkin- 
son’s (1956) suggestion that no learn- 
ing occurs on an unreinforced trial, 
and also used the fact that stimulus 
traces would be present to confuse S. 
In each case we called on our 
logical intuition to decide how the 
variables would 1 poe er ‘a 
formance. theory 1- 
pears, 5 learning was then used 
to put these ideas into mathematical 
form and to mediate quantitative 
ictions. wee 
The quantitative predictions may 
be classified by asking three main 
questions: (a) are the cues from 
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various dimensions additive, (b) do 
stimulus traces decay exponentially, 
and (c) can a four-choice problem be 
thought of as two conjoined two- 
choice problems? We found that 
the hypothesis of additivity of cues 
fits the experimental findings very 
well, as would be expected from 
numerous other studies of additivity 
of cues in rat, monkey, and human 
learning. We also found, as had not 
been demonstrated before, that irrele- 
vant cues from several irrelevant 
dimensions are also additive and re- 
duce the rate of learning precisely as 
predicted by the theory. The hy- 
pothesis that stimulus traces decay 
exponentially during the interval of 
delay of reinforcement and that such 
decay reduces the rate of learning was 
supported by experimentaldata. Fur- 
thermore, we found evidence that such 
traces can have an interfering effect 
on immediately succeeding patterns 
in the event that reinforcements are 
omitted on some trials. Again, a 
quantitative hypothesis fit the data 
quite well. In regard to the hy- 
pothesis that our four-choice prob- 
lems can be thought of as conjunctions 
of two-choice problems, we found our 
only conflict of evidence. The suc- 
cess of the theory in handling four- 
choice problems, as in the experiments 
on additivity of cues and delay or 
omission of reinforcement, suggests 
that the hypothesis is admissable. 
In two studies we tried to predict per- 
formance on a four-choice problem 
from data on corresponding two- 
choice problems. In one study the 
predictions were close, in the other 
they were clearly erroneous. Since 
we are not at all sure of the cause of 
this discrepancy, we must await fur- 
ther results. 


While we feel that the logical and 
mathematical steps of our develop- 
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ment and the procedures of the ex- 
periments are defensible, there is a 
looseness in the tests of theoretical 
points which we have not been able 
to prevent. Our procedure has been 
to estimate parameters (in this theory 
the measures of certain sets of cues) 
from part of the data of an experi- 
ment, and then use the theory to 
predict statistics of the rest of the 
data (total errors to criterion of other 
groups.) One naturally wants to 
know how well these predictions ac- 
cord with observation, and we have 
shown the results graphically. One 
also wants to know whether the ob- 
served discrepancies are sufficient to 
call for revision or rejection of the 
theory. On this point we are unable 
to offer clear answers. Formally our 
problem is a statistical one of testing 
the theoretical hypothesis (playing 
the role of a null hypothesis) against 
all alternatives. The theoretical pre- 
dictions depend on estimates of param- 
eters and are themselves subject to 
sampling variations. Unfortunately 
our methods of estimation do not 
include ways of evaluating the stabil- 
ity of the estimates, so that we do 
not know in full detail what we are 
predicting—we cannot prove that the 
estimates are unbiased, and we do not 
know their sampling distribution. 
This is a situation common in mathe- 
matical learning theory at present. 
These difficulties . prevent accurate 
statistical evaluation of the theoretical 
predictions. If we ask whether the 
data differ significantly from the 
point predictions made above, we 
should reject a true theory too often, 
for the only prediction the theory can 
make is subject to random deviations. 
The test would be invalid, Further- 
more, to obtain specific predictions we 
have inserted several special assump- 
tions, particularly the assumption 
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that all dimensions have the same 
weight. This is certainly not ex- 
actly true, but we have insufficient 
data to judge just how wrong it is. 
If we had such data we should dis- 
pense with the assumption, but that 
would require much larger experi- 
ments, beyond the limits of feasibility. 
Rather than report statistical tests 
which are not appropriate to the 
situation, we have preferred to pre- 
sent our results in graphs and tables 
and let the reader decide, as we have 
had to decide, to what degree the 
predictions are accurate enough to 
support the theory and in what ways 
the theory should be improved. We 
bow to convention just enough to 
remark that the predictions we have 
described as ‘‘accurate,” all except 
the one involving Walker’s data, 
would be acceptable even using the 
overly stringent ¢ test with the point 
prediction taken as a fixed parameter. 

It should be evident that we have 
not offered a comprehensive descrip- 
tion of all the important factors in 
concept-identification problems. We 
have dealt only with the probability 
of a correct response and have not 
gone into the “‘strategies’”’ by which 
success is attained (Bruner, Goodnow, 
& Austin, 1956). We have left aside 
differences between Ss in intellect and 
Personality, and we have explored 
only a modest variety of stimuli and 
reinforcement schedules. Within the 
restricted scope of the investigation 
we have striven for, and to some de- 
gree attained, precision in theoretical 
formulation and accuracy in detailed 
quantitative predictions of large 
amounts of data. It is our hope that 
such results will facilitate investiga- 
tions of the variables we have ignored, 
and that our findings will be helpful 
in formulating more general theories 
with strong roots in experimental data. 
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To us, these results demonstrate 
the value of parametric experiments 
which explore many values of several 
important variables at once, and 
indicate that such experimental re- 
sults may refine and test proposed 
mathematical models. We hope that 
the orderly and predictable results 
found here will encourage precise 
theoretical and experimental work in 
human cognition, where dependable 
scientific understanding can have 
broad practical as well as theoretical 
significance. 
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When parallel trends can be ob- 
served in realms as far apart as animal 
behavior and psychoanalytic ego psy- 
chology, there is reason to suppose that 
we are witnessing a significant evolu- 
tion of ideas. In these two realms, as 
in psychology as a whole, there is evi- 
dence of deepening discontent with 
theories of motivation based upon 
drives. Despite great differences in the 
language and concepts used to express 
this discontent, the theme is every- 
where the same: Something important 
is left out when we make drives the 
operating forces in animal and human 
behavior. 

The chief theories against which the 
discontent is directed are those of Hull 
and of Freud. In their respective 
realms, drive-reduction theory and psy- 
choanalytic instinct theory, which are 
basically very much alike, have ac- 
quired a considerable air of orthodoxy. 
Both views have an appealing simplic- 
ity, and both have been argued long 
enough so that their main outlines are 
generally known. In decided contrast 
is the position of those who are not sat- 
isfied with drives and instincts. They 
are numerous, and they have developed 
many pointed criticisms, but what they 
have to say has not thus far lent itself 
to a clear and inclusive conceptualiza- 
tion. Apparently there is an enduring 
difficulty in making these contributions 
fall into shape. 

In this paper I shall attempt a con- 
ceptualization which gathers up some 
of the important things left out by 
drive theory. To give the concept a 
name I have chosen the word compe- 
tence, which is intended in a broad bio- 


logical sense rather than in its narrow 
everyday meaning. As used here, com- 
petence will refer to an organism’s ca- 
pacity to interact effectively with its 
environment. In organisms capable of 
but little learning, this capacity might 
be considered an innate attribute, but 
in the mammals and especially man, 
with their highly plastic nervous sys- 
tems, fitness to interact with the envi- 
ronment is slowly attained through 
prolonged feats of learning. In view 
of the directedness and persistence of 
the behavior that leads to these feats 
of learning, I consider it necessary to 
treat competence as having a motiva- 
tional aspect, and my central argument 
will be that the motivation needed to 
attain competence cannot be wholly de- 
rived from sources of energy currently 
conceptualized as drives or instincts. 
We need a different kind of motiva- 
tional idea to account fully for the fact 
that man and the higher mammals 
develop a competence in dealing with 
the environment which they certainly 
do not have at birth and certainly do 
not arrive at simply through matura- 
tion. Such an idea, I believe, is es- 
sential for any biologically sound view 
of human nature. 

Asa first step, I shall briefly exam- 
ine the relevant trends of thought in 
several areas of psychology. From this 
it will become clear that the ideas ad- 
vanced in this paper have already been 
stated, in one way or another, by work- 
ers in animal behavior, child develop- 
ment, cognitive psychology, psychoana- 
lytic ego psychology, and the psychol- 
ogy of personality. If there is novelty 
in this essay, it lies in putting together 
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pieces which are not in themselves new. 
They already lie before us on the table, 
and perhaps by looking once more we 
can see how to fit them into a larger 
conceptual picture. 


Tue TREND IN ANIMAL PSYCHOLOGY 


One of the most obvious features of 
animal behavior is the tendency to ex- 
plore the environment. Cats are re- 
putedly killed by curiosity, dogs char- 
acteristically make a thorough search 
of their surroundings, and monkeys 
and chimpanzees have always im- 
pressed observers as being ceaseless 
investigators. Even Pavlov, whose 
theory of behavior was one of Spartan 
simplicity, could not do without an 
investigatory or orientating reflex. 
Early workers with the obstruction 
method, such as Dashiell (1925) and 
Nissen (1930), reported that rats 
would cross an electrified grid simply 
for the privilege of exploring new terri- 
tory. Some theorists reasoned that 
activity of this kind was always in the 
service of hunger, thirst, sex, or some 
other organic need, but this view was 
at least shaken by the latent learning 
experiments, which showed that ani- 
mals learned about their surroundings 
even when their major needs had been 
purposely sated. Shortly before 1950 
there was a wave of renewed interest 
not only in exploratory behavior but 
also in the possibility that activity and 
manipulation might have to be assigned 
the status of independent motives. 


Exploratory Behavior 


In 1953 Butler reported an experi- 
ment in which monkeys learned a dis- 
crimination problem when the only re- 
ward was the opening of a window 
which permitted them to look out upon 
the normal comings and goings of the 
entrance room to the laboratory. The 
discriminations thus formed proved to 
be resistant to extinction, In a later 
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study, Butler and Harlow (1957) 
showed that monkeys could build up 
a series of four different discrimina- 
tions solely for the sake of inspecting 
the entrance room. Butler concluded 
that “monkeys—and presumably all 
primates—have a strong motive toward 
visual exploration of their environment 
and that learning may be established 
on the basis of this motive just as it 
may be established on the basis of any 
motive that regularly and reliably elic- 
its responses.” Montgomery, in 1954, 
reported a study with rats in which 
the animals, their major organic needs 
satiated, learned to avoid the short arm 
of a Y maze and to take the path 
which led them into additional maze 
territory suitable for exploration. Simi- 
lar findings have been described by 
Myers and Miller (1954), whose rats 
learned to press a bar for the sake of 
poking their heads into a new com- 
partment and sniffing around. Zim- 
bardo and Miller (1958) enlarged upon 
this study by varying the amount of 
novelty in the two compartments. In 
their report “the hypothesis advanced 
is that opportunity to explore a ‘novel’ 
environment or to effect a stimulus 
change in the environment is the re- 
inforcing agent.” 

These experiments make a strong 
case for an independent exploratory 
motive. The nature of this motive 
can be more fully discerned in situa- 
tions in which the animals are allowed 
a varied repertory of behavior. In 
1950 Berlyne published a searching 
paper on curiosity, a theme which he 
further developed in subsequent years 
(1955, 1957, 1958). The rats in his 
experiments were confronted with an 
unfamiliar space and later with various 
novel objects placed in it. Approach- 
ing, sniffing, and examining were 
readily elicited by each novelty, were 
fairly rapidly extinguished, but were 
restored nearly to original strengt 
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when a fresh novelty was added. Ex- 
ploration on the part of chimpanzees 
has been studied by Welker (1956), 
who put various pairs of objects before 
the animals and observed the course of 
their interest. The objects were often 
first approached in a gingerly manner, 
with signs of uneasiness, then exam- 
ined and handled quite fully, then dis- 
carded. Introducing a new pair of 
objects promptly reproduced the whole 
sequence, just as it did with the rats 
in Berlyne’s experiments. Welker 
used pairs of objects to find out 
whether or not the chimpanzees would 
have common preferences. Bigness 
and brightness evoked more interest, 
and greater time was spent upon ob- 
jects which could be moved, changed, 
or made to emit sounds and light. 

Recent reviews by Butler (1958) 
and Cofer (1959) show that a great 
deal of similar work is going on in ani- 
mal laboratories, generally with similar 
results. 


Exploration as a Drive 


The designers of these experiments 
have favored the idea that exploration 
should be listed as an independent pri- 
mary drive. In all cases the experi- 
mental plan calls for the elimination of 
other primary drives by satiation. It 
is recognized, however, that a con- 
firmed advocate of orthodoxy might 
bring up two objections to the pro- 
posed enlargement of the list of pri- 
mary drives, He might claim that ex- 
ploratory behavior could be explained 
as a consequence of secondary rein- 
forcement, or he might contend that it 
is reinforced by reduction of anxiety. 
_The first argument meets an imme- 
diate difficulty in Butler’s finding that 
iscriminations learned on the basis of 
Visual exploration are resistant to ex- 
tinction. When reinforcement of pri- 
mary drive never takes place in the 
experimental situation, it is to be ex- 
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pected that secondary reinforcement 
will not prevent extinction (Miller, 
1951). But even in those cases where 
extinction is rapid, as it was with Ber- 
lyne’s rats and Welker’s chimpanzees, 
serious problems are raised by the 
quick recovery of exploratory behavior 
when a novel stimulus is introduced 
(Berlyne, 1950). In order to sustain 
the idea that secondary reinforcement 
accounts for this fact, we should have 
to suppose that primary rewards have 
often been connected with the explora- 
tion of novelties. It would have to be 
assumed, for instance, that the securing 
of food by young animals occurred with 
considerable frequency in connection 
with the investigation of novel objects. 
This image may seem to fit mature ani- 
mals who search the environment for 
their food, but it certainly cannot apply 
to young mammals before they are 
weaned. Here the learning process 
can do virtually nothing to reinforce 
an interest in novelties, Gratification 
comes from following the same old cues 
to the same old consummatory re- 
sponses, and the animal whose atten- 
tion strays to some novel variation of 
the breast will only find himself frus- 
trated. One can say that the whole 
mammalian pattern of infancy works 
in the opposite direction. The mother 
is more active than the young In pro- 
viding gratifications, and the babies 
must be pursued and retrieved if they 
stray from the scene of her ministry. 
However one looks at it, the hypothesis 
of secondary reinforcement seems to 
me to demand improbable assumptions 
about the relationship in the lives of 
young animals between exploration and 
primary need gratification. 

The hypothesis that exploratory be- 
havior is related to fear and receives 
its reinforcement from the reduction 
of anxiety is at first glance considerably 
more plausible. It seems justified by 
the observation that Welker’s chimpan- 
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zees showed uneasiness on first contact 
with novel objects, and it fits the 
behavior of rats in a new maze, as 
reported by Whiting and Mowrer 
(1943), where initial terror gave place 
to an exploration so feverish that the 
food reward was not eaten. Montgom- 
ery and Monkman (1955) have under- 
taken to challenge this hypothesis by 
a direct experimental attack. They 
showed that fear induced in rats before 
entering a novel situation did not in- 
crease exploratory behavior, and that 
fear induced within the novel situation 
decreased exploration to an extent cor- 
related with the intensity of the fear. 
They find it more reasonable to sup- 
pose that fear and exploration are con- 
flicting forms of behavior, and this 
view can also be defended on purely 
logical grounds. Fear shows itself in 
either freezing or avoidance, whereas 
exploration is clearly an instance of ap- 
proach. There is hardly a more perfect 
example of conflict between incompat- 
ible responses than that of an animal 
hesitating between investigation and 
flight. It is clear that exploration can 
sometimes serve to reduce anxiety, but 
the proposition that it comes into exist- 
ence only for this purpose cannot be so 
easily accepted. 
What assumptions have to be made 
to support the thesis that exploration 
is motivated by anxiety reduction? It 
has to be assumed that certain charac- 
teristic stimuli arouse anxiety and that 
exploration of these stimuli is then 
found to reduce the anxiety. If the 
characteristics in question are those of 
novelty and unfamiliarity, we must 
heed Berlyne’s reminder that for the 
infant all experience is novel and un- 
familiar, Berlyne (1950) proposes 
that the exploratory reaction “may be 
one that all stimuli originally evoke, 
but which disappears (becomes habitu- 
ated) as the organism becomes familiar 
with them.” But if all stimuli at first 
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arouse anxious tension, we would have 
to deduce that all response would con- 
sist of avoidance in the interest of re- 
ducing that tension. Approaching a 
stimulus and taking steps to increase 
its impact could not occur. An ex- 
ploratory tendency must be there in the 
first place before it can achieve the 
function of reducing anxiety. As 
Woodworth (1958) expresses it, “if 
there were no exploratory drive to bal- 
ance and overbalance the fear drive, 
an animal would be helpless in a novel 
Situation.” I find it hard to believe 
that creatures so liberally endowed 
with fear could ever achieve a working 
mastery of the environment if they 
were impelled toward it only by the 
pressure of organic needs. 

Both hypotheses thus far examined 
—secondary reinforcement and anxiety 
reduction—require us to make improb- 
able assumptions. There remains the 
possibility that exploration should sim- 
ply be added to the list of primary 
drives and otherwise treated in ortho- 
dox fashion. Myers and Miller (1954) 
suggest that this is the appropriate 
course, provided the new drive shows 
the same functional properties as those 
already known. “If an exploratory 
tendency can produce learning like 
other drives such as hunger, and also 
show a similar pattern of satiation and 
recovery, these functional parallels to 
already known drives would help to 
justify its classification in the same 
category.” Logically the problem can 
be dealt with in this way, but we must 
consider very carefully what happens 
to the category of drive if we admit 
this new applicant to membership. 

Using hunger as the chief model, the 
orthodox conception of drive involves 
the following characteristics: (a) there 
is a tissue need or deficit external to 
the nervous system which acts upon 
that system as a strong persisting 
stimulus; (b) this promotes activity 


which is terminated by a consumma- 
tory response with consequent reduc- 
ion of need; (c) the reduction of need 
brings about the learning which gradu- 
ally shapes behavior into an economical 
pursuit of suitable goal objects. In 
this scheme the tension of an aroused 
drive is interpreted as unpleasant, at 
Teast in the sense that the animal acts 
in such a way as to lower the drive 
and becomes quiescent when it is low- 
ered. There are probably no living 
champions of so simple an orthodoxy, 
yet the scheme remains pervasive, and 
it is therefore worth while to observe 
that the proposed exploratory drive 
hardly fits it at all. 

In the first place, the exploratory 
drive appears to bear no relation what- 
ever to a tissue need or deficit external 
to the nervous system. It is, of course, 
Clearly related to certain characteristics 
‘of stimulation from the external envi- 
fonment, a source of motivation which 
Harlow (1953) would like to see re- 
Stored to a serious place in contempo- 
Tary psychology; but it certainly can- 
‘not be correlated with a visceral need 
‘Comparable to hunger, thirst, or sex. 
Considering the pattern of satiation 
and recovery shown by Welker’s chim- 
Panzees, Woodworth (1958) remarks 
that “what becomes satiated is not the 
exploratory tendency in general, but 
the exploring of a particular place or 
Object.” It is possible, as Hebb (1955) 
has pointed out, that the so-called “re- 
ticular activation system” in the brain 
Stem creates a kind of general drive 
‘State, and this mechanism might indeed 
be flexibly responsive to changes in 
‘Sensory stimulation. This interesting 
Suggestion, however, is still a far cry 
from viscerogenic drives; it commits 
instead to the novel idea of a neuro- 
ic motive, one in which the state 
the nervous system and the patterns 
ot external stimulation conspire to pro- 
duce motivated behavior. There is even 
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a good deal of trouble in supposing 
that the adequate stimuli for explora- 
tion are either strong or persistent. 
Novelty certainly cannot be equated 
with strength or persistence, and ani- 
mals seem readily able to disregard the 
stimuli to exploration when they are 
weary. 

In the second place, exploratory be- 
havior cannot be regarded as leading 
to any kind of consummatory response. 
It is usual for the animal's investiga- 
tion to subside gradually. If the ani- 
mal at some point turns away and 
leaves the once novel object we may 
say that its curiosity is “satisfied,” but 
we do not mean by this that the equiva- 
lent of a consummatory response has 
just taken place. The sequence sug- 
gests rather that curiosity wears out 
and slowly falls to a level where it no 
longer guides behavior, at least until 
a fresh novelty comes into view. 

Finally, in the case of exploratory 
behavior there is real difficulty in iden- 
tifying reinforcement with need reduc- 
tion. Montgomery (1954), describing 
the learning of the Y maze, points out 
that the short arm, essentially a dead 
end, would tend to reduce the explora- 
tory drive, whereas the long arm, itself 
a complex maze, would increase it— 
but the long arm is chosen. If the long 
arm functions as a reinforcing agent, 
“the mechanism underlying this rein- 
forcement is an increase, rather than a 
decrease, in the strength of the explora- 
tory drive.” In this experiment, as 
in their natural habitat, animals do not 
wait to have novelty thrust upon them, 
nor do they avoid situations in which 
novelty may be found. Such behavior 
can be most readily conceptualized by 
admitting that under certain circum- 
stances reinforcement can be correlated 
with an increase in arousal or excite- 
ment rather than a decrease. A drive 
which has no consummatory climax 
seems almost to require this formula- 
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tion. It is distinctly implausible to 
connect reinforcement with the waning 
of an agreeable interest in the environ- 
ment or with a general progress from 
zestful alertness to boredom. 

If we admit exploration to the cate- 
gory of drive we are thus committing 
ourselves to believe that drives need 
have no extraneural sources in tissue 
deficits or visceral tensions, that they 
are not necessarily activated by strong 
or persistent stimuli, that they do not 
require consummatory responses, and 
that drive increase can sometimes be 
a mechanism of reinforcement. 


Activity and Manipulation 


Exploration is not the only motive 
proposed by critics of drive orthodoxy, 
and novelty is not the only character- 
istic of the environment which appears 
to incite motivated behavior. Some 
workers have suggested a need for ac- 
tivity, which can be strengthened by 
depriving animals of their normal op- 
portunities for movement. Kagan and 
Berkun (1954) used running in an ac- 
tivity wheel as the reward for learning 
and found it “an adequate reinforce- 
ment for the instrumental response of 
bar pressing.” Hill (1956) showed 
that rats will run in an activity wheel 
to an extent that is correlated with 
their previous degree of confinement. 
It is certain that the activity wheel 
offers no novelty to the animals in 
these experiments. Nevertheless, they 
seem to want to run, and they continue 
to run for such long times that no 
part of the behavior can readily be 
singled out as a consummatory re- 

, sponse. Perhaps an unpleasant inter- 
nal state created by inactivity is gradu- 
ally worked off, but this is certainly 
accomplished by a tremendous increase 
of kinaesthetic stimulation and muscu- 
lar output which would seem to imply 
increased excitation in the system as 
a whole. 
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Harlow and his associates (Harlow, 
1953; Harlow, Harlow, & Meyer, 
1950) maintain that there is also a 
manipulative drive. It is aroused by 
certain patterns of external stimulation 
and reduced by actively changing the 
external pattern. The experiments were 
done with rhesus monkeys, and they 
involve the solving of a mechanical 
problem which, however, leads to no 
further consequences or rewards. The 
task might be, for instance, to raise 
a hasp which is kept in place by both 
a hook and a pin; all that can be ac- 
complished is to raise the hasp, which 
opens nothing and leads to no fresh 
discoveries. When the hasp problem 
is simply installed in the living cages, 
the monkeys return to it and solve it 
as many as 7 or 8 times over several 
days. It seems unlikely that novelty 
can be postulated as the essential char- 
acteristic of the stimulus which evokes 
this repeated behavior. The simplest 
interpretation is rather that value lies 
for the animal in the opportunity, as 
Zimbardo and Miller (1958) express 
it, “to effect a stimulus change in the 
environment.” This formulation sug- 
gests something like the propensities 
toward mastery or power that have 
often been mentioned in discussions of 
human motivation. 

The addition of activity and manipu- 
lation to the list of primary drives can 
only make more serious the difficulties 
for the orthodox model that resulted 
from admitting exploration. But re- 
cent research with animals has put the 
orthodox model on the defensive even 
on its home grounds. It has become 
increasingly clear that hunger, thirst, 
and sex cannot be made to fit the sim- 
ple pattern that seemed so helpful 40 
years ago. 


Changing Conceptions of Drive 


In a brief historical statement, Mor- 
gan (1957) has pointed out that the 
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conception of drive as a noxious stimu- 
lus began to lose its popularity among 
research workers shortly after 1940, 
“On the whole,” he says, “the stimulus 
concept of drive owed more to wishful 
thinking than to experimental fact.” 
When technical advances in biochemis- 
try and brain physiology made it pos- 
sible to bring in an array of new facts, 
there was a rapid shift toward the view 
that “drives arise largely through the 
internal environment acting on the cen- 
tral nervous system.” One of the most 
influential discoveries was that animals 
have as many as a dozen specific hun- 
gers for particular kinds of food, in- 
stead of the single hunger demanded 
by Cannon’s model of the hunger drive. 
If an animal’s diet becomes deficient 
in some important element such as 
salt, sugar, or the vitamin-B complex, 
foods containing the missing element 
will be eagerly sought while other 
foods are passed by, a selectivity that 
obviously cannot be laid to contrac- 
tions of the stomach. Similarly, a 
negative food preference can be pro- 
duced by loading either the stomach or 
the blood stream with some single ele- 
ment of the normal diet. The early 
work of Beach (1942) on sexual be- 
havior brought out similar complica- 
tions in what had for a time been 
taken as a relatively simple drive. 
Hormone levels appeared to be con- 
siderably more important than periph- 
eral stimulation in the arousal and 
Maintenance of the sex drive. Further 
work led Beach (1951) to conclude 
that sexual behavior is “governed by 
a complex combination of processes.” 

€ points out that the patterns of con- 
trol differ tremendously from one spe- 
cies to another and that within a 
Single species the mechanisms may be 
quite different for males and females. 
Like hunger, the sex drive turns out 
to be no simple thing. 

New methods of destroying and of 
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stimulating brain centers in animals 
have had an equally disastrous effect 
on the orthodox drive model. The 
nervous system, and especially the 
hypothalamus, appears to be deeply 
implicated in the motivational process. 
Experimental findings on hypotha- 
lamic lesions in animals encourage 
Stellar (1954) to believe that there 
are different centers “responsible for 
the control of different kinds of basic 
motivation,” and that in each case 
“there is one main excitatory center 
and one inhibitory center which oper- 
ates to depress the activity of the ex- 
citatory center,” As research findings 
accumulate, this picture may seem to 
be too cleanly drawn. Concerning 
sexual behavior, for example, Rosvold 
(1959) concludes a recent review by 
rejecting the idea of a single center 
in the cerebrum; rather, the sex drive 
“probably has a wide neural represen- 
tation with a complex interaction be- 
tween old and new brain structures 
and between neural and humoral 
agents.” Nevertheless, Miller's (1958) 
careful work seems to leave little doubt 
that motivated behavior in every way 
similar to normal hunger and normal 
pain-fear can be elicited by electrical 
stimulation of quite restricted areas of 
the hypothalamus. It is clear that we 
cannot regress to a model of drives 
that represents the energy as coming 
from outside the nervous system. 
Whatever the effects of peripheral 
stimulation may be, drives also involve 
neural centers and neural patterns as 
well as internal biochemical conditions. 

What sort of model becomes neces- 
sary to entertain these newly discov- _ 
ered facts? In 1938 Lashley expressed 
the view that motivation should not 
be equated with disturbance of organic 
equilibrium but rather with “a partial 
excitation of a very specific sensori- 
motor mechanism irradiating to affect 
other systems of reaction.” Beach 
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(1942) postulated that there must be 
in the nervous system “a condition 
analogous to Sherrington’s central ex- 
citatory state.” Morgan, in 1943, 
undertook to capture the facts in a 
systematic theory which seems to have 
been well sastsined by subsequent re- 
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ciple of reinforcement used by Hull, 
which identifies primary reinforcement 
with ‘need reduction.’” The authors 
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naturally do not question the vital im- 
portance of need reduction, but they 
point out that need-reducing cvents 


the reduction of the need itself 
think that “stimulation and per- 
formance of a consummatory response 
to be more important to in- 
strumental learning—in a primary, not 
acquired, way—than the drive satis- 
faction which the response normally 
achieves.” Their findings are in line 
with an earlier experiment with chick- 
ens by Wolfe and Kaplon (1941), who 
used different sizes of food pellets so 
that the number of pecks and the 
of food received could be 
out of their usual close con- 
The chickens, we might say, 
would rather peck than eat; learning 


The substitution of the consumma- 
tory response for need reduction as the 
reinforcing mechanism is a 


does not reach consummation has @ 
reinforcing effect? To test this possi- 
bility Sheffield, Wulff, and Backer 
(1951) provided male rats with the 
of copulating with a female, 
but not enough times to produce ejacu- 
lation. This reward was favorable to 
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performance of the final consummatory 
act. The results were supported by 
Kagan (1955), whose animals showed 
substantial learning under the = 
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mement is assigned to the excite- 
pt of an aroused drive. We have 
ady seen that some such assump- 
is essential if exploration is to be 
igned the status of a drive, Here 
R can be added that the whole theory 
pregenital sexuality involves moti- 
ation without consummatory acts and 
ithout any but the most gradual need 
uction. And as a final blow to the 
Orthodox hypothesis comes the finding 
by Olds.and Milner (1954) that posi- 
reinforcement can be brought 
bout by direct electrical stimulation 
certain areas of the brain, Once 
in we learn that neural centers are 
ply implicated in the plot of moti- 
Wation. The simple mechanics of need 

duction cannot possibly serve as the 
is for a theory of learning. 
Twenty years of research have thus 
Pretty much destroyed the orthodox 
drive model. It is no longer appropri- 
ate to consider that drives originate 
solely in tissue deficits external to the 
yous system, that consummatory 
s are a universal feature and goal 
of motivated behavior, or that the alle- 
ation of tissue deficits is the neces- 
y condition for instrumental learn- 
ing. Instead we have a complex 
icture in which humoral factors and 
heural centers occupy a prominent po- 
ition ; in which, moreover, the concept 
‘Of neurogenic motives without consum- 
matory ends appears to be entirely 
legitimate. Do these changes remove 
the obstacles to placing exploration, 
ictivity, and manipulation in the cate- 
f of drives? 

Perhaps this is no more than a ques- 
tion of words, but I should prefer at 
point to call it a problem in con- 
al strategy. I shall propose that 
these three new “drives” have much in 
common and that it is useful to bring 
them under the single heading of com- 
Petence. Even with the loosening and 
broadening of the concept of drive, 
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drives. It is in order to emphasise 
their intrinsic peculiarities, to get them 
considered in their own right without 
a cloud of surplus meanings, that I 
prefer in this essay to speak of the urge 
that makes for competence simply as 
motivation rather than as drive. 


Tue Taexn ix PsycioaNatytic 
Eco Psycnotocy 


Rather an abrupt change of climate 
may be experienced as we turn from 
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The history of Freud's long doubts 

and vacillations has been lucidly re- 
lated by Bibring (1941). Up to 1914 
Freud used a two-fold classification of 
sexual instincts and ego instincts. The 
ego instincts made their appearance in 
his case histories in a somewhat moral 
character, being held responsible for 
the disastrous repression of sexual 
needs, but in systematic usage they 
were conceived as serving the goal of 
self-preservation, and hunger was gen- 
erally taken as an appropriate model. 
In 1914, when he evolved the concept 
of narcissism and saw that it threat- 
ened to blur the line between sexual 
and ego tendencies, Freud (1925b) 
still expressed himself as unwilling to 
abandon an idea which followed the 
popular distinction of love and hunger 
and which reflected man's dual exist- 
ence “as reproducer and as one who 
serves his own ends.” Various facts, 
particularly those of sadism and mas- 
ochism, served to overcome his reluc- 
tance, so that he finally united self- 
preservation and preservation of the 
species under the heading of Eros or 
life instincts, establishing destructive- 
ness or the death instinct as the great 
antagonist in a profound biological 
sense (Freud, 1948). This highly 
speculative step proved to be too much 
for some of his otherwise loyal follow- 
ers, and the earlier orthodoxy did not 
become entirely extinct. 

It is easier to follow Freud’s reason- 
ing when we bear in mind the simul- 
taneous development of his ideas about 
the mental apparatus. Bibring (1941) 
points out that even in his early think- 
ing a sharp contrast was always drawn 
between instinct and mental apparatus. 
Instinct supplied the energy in the 
form of powerful, persisting internal 
stimuli; the apparatus guided it into 
channels which produced organized be- 
havior and eventually put a stop to the 
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persisting stimulation. In 1915 Freud 
wrote: 

The nervous system is an apparatus hav- 
ing the function of abolishing stimuli which 
reach it or of reducing excitation to the 
lowest possible level; an apparatus which 
would even, if this were feasible, maintain 
itself in an altogether unstimulated condi- 
tion. . . . The task of the nervous system 
is—broadly speaking—to master stimuli 
(Freud, 1925c, p. 63). 


During the next decade there was a 
considerable growth in his ideas about 
the mental apparatus, culminating in 
the well known division into id, ego, 
and superego. The activities of the 
ego now received much fuller recogni- 
tion. Freud (1927) assigned to it “the 
task of self-preservation,” which it ac- 
complished through its several capaci- 
ties of perception, memory, flight, de- 
fense, and adaptive action. One can 
see Freud’s thought moving from a 
mechanical analogy—an engine and its 
fuel—toward a much more adapta- 
tional conception of the mental appara- 
tus. Ego instincts did not wholly dis- 
appear, but the decline in their sys- 
tematic importance was compensated 
by the insight that self-preservative 
tendencies were to some extent built 
into the whole living system. It is sig- 
nificant that as he took this course 
he came to question the earlier tension- 
reduction theory. In the last year 0 
his life he declared it to be probable 
“that what is felt as pleasure or un- 
pleasure is not the absolute degree of 
the tensions but something in 
rhythm of their changes” (Freud, 
1949). 

Freud’s tendency to revise his think- 
ing makes it difficult to pin down an 
orthodox doctrine, but most workers 
will probably agree that his main em- 
phasis was upon somatically based 
drives, a mental apparatus which re- 
ceived its power from the drives, and, 
of course, the multitude of ways in 
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which the apparatus controlled, dis- 
guised, and transformed these energies. 
His treatment of the ego was far from 
complete, and it was not long before 
yoices were raised against the concep- 
tion that so vital and versatile a part 
of the personality could be developed 
solely by libidinal and aggressive 
energies. 


An Instinct to Master 


In 1942 Hendrick proposed that this 
difficulty be met by assuming the exist- 
ence of an additional major instinct. 
“The development of ability to master 
a segment of the environment,” he 
wrote, and the need to exercise such 
functions, can be conceptualized as an 
“instinct to master,” further character- 
ized as “an inborn drive to do and 
to learn how to do.” The aim of this 
instinct is “pleasure in exercising a 
function successfully, regardless of its 
sensual value.” The simpler mani- 
festations are learning to suck, to 
manipulate, to walk, to speak, to com- 
prehend and to reason; these functions 
and others eventually become inte- 
grated as the ego. “The central nerv- 
ous system is more than a utility,” 
Hendrick declared. The infant shows 
an immediate desire to use and perfect 
each function as it ripens, and the adult 
secures gratification from an executive 
function efficiently performed regard- 
less of its service to other instincts. 

Hendrick’s procedure in this and 
two supporting papers (1943a, 1943b) 
is quite similar to that of the animal 
Psychologists who propose listing ex- 
Ploration as an additional primary 
drive. The instinct to master has an 
aim—to exercise and develop the ego 
functions—and it follows hedonic prin- 
ciples by yielding “primary pleasure” 
when efficient action “enables the indi- 
vidual to control and alter his environ- 
Ment.” Tt is to this extent analogous 
to the instincts assumed by Freud. But 
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just as an exploratory drive seemed 
radically to alter the whole conception 
of drive, so the instinct to master im- 
plied a drastic change in the psycho- 
analytic idea of instinct. Critics were 
quick to point out that Freud had 
always conceived of instincts as having 
somatic sources external to the ego ap- 
paratus, a condition not met by the 
proposed instinct to master. There 
was nothing comparable to erogenous 
zones, to orgasm, or to the sequence 
of painful tension followed by pleasur- 
able release. Mastery, the critics 
agreed, could not be an instinct, what- 
ever else it might be. 

It is of interest that Fenichel (1945), 
who definitely rejected Hendrick’s pro- 
posal, gives us another close parallel 
to the animal work by attributing mas- 
tering behavior to anxiety-reduction. 
He argued that mastery is “a general 
aim of every organism but not of a 
specific instinct.” He agreed that there 
is “a pleasure of enjoying one’s abili- 
ties,” but he related this pleasure to 
cessation of the anxiety connected with 
not being able to do things. “Fune- 
tional pleasure,” he wrote, “is pleasure 
in the fact that the exercise of a func- 
tion is now possible without anxiety,” 
and he contended that when anxiety 
is no longer present, when there is full 
confidence that a given situation can 
be met, then action is no longer accom- 
panied by functional pleasure. We 
must certainly agree with Fenichel that 
anxiety can play the part he assigns 
it, but the proposal that all pleasure in 
ego functions comes from this source 
raises the same difficulties we have 
already considered in connection with 
exploratory behavior. That we exer- 
cise our capacities and explore our sur- 
roundings only to reduce our fear of 
the environment is not, as I have al- 
ready argued, an assumption that en- 
joys high probability on biological 
grounds. 
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Hartmann on the Ego 


A less radical change in the ortho- 
dox model is proposed by Hartmann, 
who, in a series of papers since 1939, 
often in conjunction with Kris and 
Loewenstein, has been refining and ex- 
panding Freud’s views on the ego and 
the instincts. While the ego is con- 
ceived as a “substructure” of the per- 
sonality, this term is somewhat meta- 
phorical because in practice the ego 
has to be defined by its functions. The 
list of functions, which includes grasp- 
ing, crawling, walking, perceiving, re- 
membering, language, thinking, and 
intention, covers much the same 
ground that was indicated by Hen- 
drick, but Hartmann does not attribute 
their growth to an instinct. On the 
other hand, Hartmann (1950) early 
came to the conclusion that develop- 
ment could not be explained, as Freud 
had seemed to conceive it, simply as 
a consequence of conflict between in- 
stinctual needs and frustrating reali- 
ties. The instincts alone would never 
guarantee survival; they require me- 
diation by the innate ego apparatus if 
they are to meet “the average expect- 
able environmental conditions.” He 
therefore proposed that we conceive of 
an autonomous factor in ego develop- 
ment, an independent maturation of 
functions taking place in a “conflict- 
free ego sphere.” Functions such as 
locomotion ripen through maturation 
and through learning even when they 
are not caught up in struggles to ob- 
tain erotic and aggressive gratification 
or to avoid anxiety. As Anna Freud 
(1952) has pointed out, walking be- 
comes independent of instinctual up- 
heavals a few weeks after its begin- 
ning; thereafter, it serves the child 
impartially in situations of conflict and 
those that are free from conflict. 

Hartmann’s idea of autonomous ego 
development has of course been as- 
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sumed all along by workers in child 
psychology, but it is an important step 
to relate it to Freud’s disclosures con- 
cerning unconscious motivation. In 
what now looks like an excess of en- 
thusiasm for his own concepts, Freud 
(1925a) undertook to explain the out- 
growing of the pleasure principle and 
the substituting of the reality principle 
as a simple and direct consequence of 
the frustration of instinctual needs. 
However, the reality principle con- 
tained the idea of postponing an imme- 
diate gratification in favor of a future 
one, and Hartmann (1956) properly 
notes that the capacities for postpone- 
ment and anticipation cannot be con- 
jured into existence simply by the 
collision of frustrating reality and 
ungratified need. Important as frustra- 
tions may be, these capacities must 
already be available, “some prepared- 
ness for dealing with reality” must al- 
ready exist, before the frustration can 
produce its momentous educative ef- 
fect. It can be seen from this example 
that Hartmann’s analysis opens the 
way for profitable commerce between 
developmental psychologies inside and 
outside of psychoanalysis. 

Hartmann’s emphasis on adaptation 
permits him to perceive much more 
that is autonomous about the ego than 
was ever seriously included in Freud’s 
systematic thought. He allows, for in- 
stance, that aims and interests which 
develop in the beginning as defenses 
against instincts may later become part 
of conflict-free spheres of activity— 
become interests in their own right— 
and thus achieve “secondary auton- 
omy,” a concept very close to Allport’s 
(1937) functional autonomy of motives 
(Hartmann, 1950). He deals with 
the possibility that adaptive skills de- 
veloping in the conflict-free sphere may 
have a decisive influence on the han- 
dling of conflicts. These skills have 
a history of their own, shaped jointly 


by the child’s abilities and by the re- 
sponses evoked from parents. As 
Monroe (1955) has expressed it, they 
have “a very important role in the de- 
velopment of the conscious and semi- 
conscious psychological self.” They 
may thus have a direct influence upon 
the outcome when a child becomes in- 
yolved in conflict. Rapaport (1958) 
sees Hartmann’s ideas on the auton- 
omy of the ego as vital to the proper 
understanding not only of healthy de- 
yelopment but also of psychopathology 
itself. 

In explaining the autonomous 
growth of the ego, Hartmann makes 
generous use of the concept of matura- 
tion, but he naturally does not exclude 
learning. Hartmann (1950) enter- 
tains the possibility, mentioned casually 
from time to time by Freud (1916, 
1949), that ego functions are supplied 
‘with their own sources of energy inde- 
pendent of instincts, and that there is 
pleasure connected with their mere 
exercise. However, he makes little 
‘systematic use of this idea, relying in- 
Stead upon a concept more central in 
Freud’s thinking, that of the neutrali- 
zation of drive energies. Freud (1927) 
found. that he could “make no head- 
Way” in accounting for the varied ac- 
tivities of the ego without assuming “a 
displaceable energy, which is in itself 
neutral, but is able to join forces either 
with an erotic or with a destructive 
Impulse, differing qualitatively as they 
do, and augment its total cathexis.” 
He speculated that the neutral energy 
came from Eros and could be conceived 
as desexualized libido, Hartmann, 
Kris, and Loewenstein (1949) carried 
the idea forward a logical step by pro- 
Posing that the energies of aggressive 
instincts could similarly be neutralized 
and placed at the disposal of the ego. 
Neutralized energy contributes to the 
development of the ego and makes pos- 
sible a continuing interest in the ob- 
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jects of the environment regardless of 
their immediate relation to erotic or 
aggressive needs. Hartmann (1955) 
finds this concept particularly helpful 
in unscrambling the confusions that 
have arisen over the concept of subli- 
mation, 

The doctrine of neutralized instine- 
tual energies is a curious one, and we 
should bear in mind the complex clini- 
cal findings that perhaps suggested it. 
Freud was an unquestioned genius in 
detecting the subtle operation of erotic 
urges and aggressive fantasies, along 
with elaborate mechanisms of defense, 
behind the seemingly objective or 
“neutral” activities of everyday life. 
Remarkable transformations of interest 
could sometimes be observed in the 
course of development. For example, 
a patient’s childhood erotic rivalry and 
aggressive competition with his father 
might later disappear beneath a strong 
objective interest in running the family 
business; then suddenly, on the brink 
of success, this interest might come to 
a total halt, paralyzed by anxiety be- 
cause the underlying instinctual goals 
came too close to symbolic fulfilment. 
The reappearance of instinctual pre- 
occupations in such a case lends a cer- 
tain color to the idea that they have 
somehow been driving the behavior all 
the time, even though the daily pursuit 
of business goals seems utterly remote 
from instinctual gratifications. 

It is worth noticing that Freud’s 
procedure in making the assumption 
of neutralized instinctual energy 1s 
similar to the one followed by ortho- 
dox behaviorists in conneetion with 
primary drives. These theorists started 
from the assumption that all behavior 
was powered by a limited number of 
organic drives, and then, in order to 
protect this assumption, they developed 
further hypotheses, such as secondary 
reinforcement, to account for moti- 
vated behavior that bore no obvious 
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relation to primary goals. 
where he could “make no headway 
without postulating neutralization, 
Freud could conceivably have made a 
good deal of headway if he had been 
willing to assume that neutral energy, 
neither sexual nor aggressive, was 
available as a natural endowment in 
the first place. But he preferred to 
protect his assumption of two primary 
drives and to interpret other energies 
as transformations of these drives. 
Even so, the concept seems superfluous 
if we take Freud at his word about the 
nature of the life instincts. Freud 
(1949) made it clear that Eros in- 
cluded more than instincts having a 
sexual aim; its larger goal was “to 
establish even greater unities and to 
preserve them thus—in short, to bind 
together.” Under this formula, it 
would seem possible to include energies 
inherently directed toward building up 
the integrated functions of the ego. 
But Freud did not exploit the full 
range of his theory of Eros and pro- 
posed only that neutral energies should 
be conceived as desexualized. 

The concept of neutralization has in 
some respects had a good effect on 
psychoanalytic ego psychology. In 
Hartmann’s writings, as we have seen, 
and in Rapaport’s (1951, 1954) work 
on thinking, it has encouraged a strong 
interest in autonomous ego functions 
and a fresh analysis of their place in 
personality. Nevertheless, it seems to 
me an awkward conceptualization, one 
which in the end is likely to lead, as 
Colby (1955) has expressed it, to a 
“‘metapsychological snarl.” The theory 
requires that instinctual energies can 
completely change their aims, which 
makes one wonder what purpose was 
served in the first place by defining 
them as having aims. It preserves an 
image of mobility of energies that 
seems much out of line with recent 
research on animal motivation, where 
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energy is being conceived in a con- 
stantly closer relation to specific struc- 
tures. To my mind it thus compares 
unfavorably with its quite straight- 
forward alternative, which is that the 
alleged neutralized energies are there 
in the first place as part of the natural 
make-up of an adaptive organism. I 
shall later develop this possibility 
by means of the concept of competence 
in its motivational aspect, and I believe 
that this concept gains support from 
certain other lines of work in the 
psychoanalytic tradition. 


Motility and a Sense of Industry 


The trend away from instinct ortho- 
doxy is illustrated by the work of 
Kardiner (1947) on what he calls “the 
development of the effective ego.” 
Kardiner’s reflections arose from his 
work on the traumatic neuroses of war. 
In these disorders the main threat is 
to self-preservation, and some of the 
most important symptoms, such as 
defensive rituals and paralyses, are 
lodged in the action systems that nor- 
mally bring about successful adaptive 
behavior. It thus becomes pertinent 
to study the growth of action systems, 
to discover how they become integrated 
so as to maintain “controlled contact” 
with the environment and “controlled 
exploitation of objects in the outer 
world,” and to work out the conditions 
which either favor or disrupt this ac- 
quired integration. Thinking along 
these lines, Kardiner is led to con- 
clusions just about the opposite of 
Freud’s: It is the successful and grati- 
fying experiences, not the frustrations, 
that lead to increasingly integrated ac- 
tion and to the discrimination of self 
from outer world. Frustration pro- 
duces chiefly disruptions and inhibi- 
tions which are unfavorable to the 
early growth of the ego. Children are 
gratified when they discover the con- 
nection between a movement executed 
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and the accompanying and subsequent 
sensations. They are still more grati- 
fied when they carry out actions suc- 
cessfully; this “gives rise to the tri- 
umphant feeling of making an organ 
obedient to the will of the ego.” Such 
experiences build up “a definite self- 
or body-consciousness which becomes 
the center and the point of reference 
of all purposeful and codrdinated ac- 
tivity.” Growth of the ego, in short, 
depends heavily upon action systems 
and the consequences of action. The 
course and vicissitudes of this develop- 
ment have to be studied in their own 
tight, and they cannot be understood 
as side effects of the stages of libidinal 
development. 

A similar theme is pursued to even 
more radical conclusions by Mittel- 
mann (1954) in his paper on motility. 
Mittelmann regards motility, which 
manifests itself most typically in skilled 
motor actions such as posture, loco- 
motion, and manipulation, as an “urge 
in its own right” in the same sense that 
one speaks of oral, excretory, or geni- 
tal urges. From about 10 months of 
age it has a distinctly “driven” char- 
acter, and there is restlessness and 
anger if it is blocked. During the 
second and third years the motor urge 
“dominates all other urges,” so that it 
is proper to “consider this period the 
motor level of ego and libido develop- 
ment.” The child makes tremendous 
efforts to learn to walk, and to walk 
well, and he exhibits joyous laughter 
as he attains these ends. Restrictions 
of motility may occur because the par- 
ents are anxious or because the child’s 
assertiveness troubles them, and a last- 
ing injury to the parent-child relation- 
ship may result. Clumsiness in motor 
or manipulative accomplishments may 
lead to self-hatred and dependence, 
for “the evolution of self-assertiveness 
and self-esteem is intimately connected 
with motor development.” Motility is 
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of central importance in many of the 
most characteristic functions of the 
ego. Partly by its means the infant 
differentiates himself from other ob- 
jects, and the child’s knowledge of 
objects depends on an extensive ac- 
tivity of manipulation and examination. 
“Thus motility becomes one of the 
most important aspects of reality test- 
ing.” Because it is an element in all 
cognitive behavior, it can also be con- 
sidered “the dominant integrative func- 
tion.” Mittelmann bases motor devel- 
opment, in short, on an independent 
urge, and he sees this urge as the really 
crucial motive behind the development 
of the ego. 

Like Kardiner, Mittelmann does not 
attempt to formulate in detail the na- 
ture of the motility urge. It is likened 
not to an instinct but to a “partial in- 
stinct,” and this seems to place it some- 
where between Hendrick’s instinct to 
master and Hartmann’s dimly sketched 
independent energies of the ego. This 
indefiniteness may irk the systematic 
theorist, but Mittelmann’s account of 
the part played by motility in ego de- 
velopment easily stands as a significant 
contribution. Even more influential 
in this respect is the work of Erikson 
(1953), who has given a highly de- 
tailed timetable of ego development. 
Erikson stays with the libido theory 
as far as it will go, but he passes be- 
yond its reach in his account of the 
latency period and some of the later 
crises of growth. It is clear that some- 
thing more than the orthodox instincts 
is involved in the “enormous value” 
with which the child in the second year 
“begins to endow his autonomous 
will.” Something more would seem 
to be implied in the expanding imagi- 
nation and initiative of the “phallic” 
child. Certainly more is involved dur- 
ing the school years, when children ad- 
dress themselves to motor, manual, and 
intellectual achievements and need “a 
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sense of being able to make things and 
make them well and even perfectly: 
this is what I call the sense of indus- 
try.” Erikson’s (1952) theory of play 
is also influenced by the idea that learn- 
ing to deal with the animate and in- 
animate worlds is an important pre- 
occupation of childhood: “the playing 
child advances forward to new stages 
of real mastery.” Action systems, mo- 
tility, and a sense of industry all direct 
our attention to behavior which can 
scarcely be contained in the old bottle 
of instinct theory. 

Glancing back over these trends in 
psychoanalytic ego psychology, we can- 
not fail to be impressed by striking 
similarities to the trend in animal 
work. Using Reik’s familiar metaphor, 
we might say that those who listen 
with their two ears and those who 
listen with the third ear have appar- 
ently been hearing much the same 
sounds. In both realms there is dis- 
content with drive orthodoxy. In both 
there is persistent pointing to kinds 
of behavior neglected or explained 
away by drive orthodoxy : exploration, 
activity, manipulation, and mastery. 
Similar theories have been proposed to 
account for the energies in such behav- 
ior: (a) they are derived or trans- 
formed in some way from the primary 
drives or instincts (secondary rein- 
forcement, neutralization of drive ener- 
gies); (b) they are powered by the 
need to reduce anxiety; (c) they can 
be accounted for only by postulating a 
new primary drive (exploratory drive, 
instinct to master). When these 
explanations are considered to have 
failed, the one remaining course is to 
work out a different idea of motivation. 
In his study of action systems, Kardi- 
ner prefers to leave the question of 
energy sources unanswered, but Erik- 
son’s sense of industry and Mittel- 
mann’s motility urge point to a moti- 
vational base which is only remotely 
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analogous to primary drives or funda- 
mental instincts. I believe that the 
difficulties in this undertaking can be 
greatly reduced by the concept of com- 
petence, to which we shall shortly turn. 


RELATED DEVELOPMENTS IN 
GENERAL PsycHOLOGY 


If a systematic survey were in order, 
it would be easy to show a parallel 
drift of opinion in other parts of the 
psychological realm. Among theorists 
of personality, for example, something 
like drive orthodoxy is to be found in 
the work of Dollard and Miller (1950), 
who have translated the main concepts 
of Freud’s psychoanalysis, including 
processes such as repression and dis- 
placement, into the language of rein- 
forcement theory. With them we 
might put Mowrer (1950), whose 
searching analysis of fear as an ac- 
quired drive has led him to postulate 
anxiety-reduction as the master motive 
behind the development of the ego. 
Discontent with drive orthodoxy has 
long been expressed by Allport (1937, 
1946), who not only argues for a func- 
tional autonomy of motives from their 
infantile roots in primary drives but 
also seriously questions the law of ef- 
fect, the very cornerstone of reinforce- 
ment theory. Little comfort for the 
orthodox can be found in Murray’s 
(1938) detailed taxonomy of needs, 
especially when it comes to needs such 
as achievement and construction, which 
can be tied to primary drives only by 
conceptual acrobatics. Murray and 
Kluckhohn (1953), moreover, have 
made a case for pleasure in activity for 
its own sake, reviving the Funktions- 
lust proposed many years ago by Karl 
Buhler (1924) and recently developed 
in some detail by French (1952). They 
also argue for intrinsic mental needs: 
“the infant’s mind is not acting most 
of the time as the instrument of 
some urgent animal drive, but is pre- 
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occupied with gratifying itself.” Mur- 
phy (1947) takes the view that all 
tissues can become seats of tension and 
thus participants in drive; in addition 
to visceral drives, he postulates two 
independent forms, activity drives and 
sensory drives. Then there are work- 
ers such as Goldstein (1939) who ap- 
proach the whole problem with a holis- 
tic philosophy which precludes the 
dictatorship of any isolated or partial 
drives. Goldstein (1940) assumes one 
master tendency, that toward self- 
actualization, of which the so-called 
visceral drives are but partial and not 
really isolated expressions, and which 
can find expression also in an urge 
toward perfection—toward completing 
what is incomplete, whether it be an 
outside task or the mastery of some 
function such as walking. It has been 
shown by the Ansbachers (1956) that 
Adler, never a friend of instinct ortho- 
doxy, in his later years reached an idea 
very similar to the urge toward perfec- 
tion. Maslow (1954, 1955), too, be- 
longs with the heterodox. He insists 
that we should take account of growth 
Motivation as well as the deficiency 
motivation implied in the visceral 
drives, and he offers the valuable idea 
of a hierarchy of motives, according to 
which the satisfaction of “lower” needs 
makes it possible for “higher” needs to 
emerge and become regnant in be- 
havior. 

Mention of these names must suffice 
here to show that the trends observed 
in animal psychology and psychoana- 
lytic ego psychology are pervasive in 
contemporary psychological thought. 
Doubtless the same controversies and 
problems could be pointed out in child 
development, in cognitive psychology, 
and in other fields. But in order to 
advance to my main theme, I shall 
Select only certain developments which 
bear directly on the concept of com- 
petence, 


313 


Needs for Excitement and Novelty 


Human experience provides plenti- 
ful evidence of the importance of re- 
ducing excessive levels of tension. 
Men under wartime stress, men under 
pressure of pain and extreme depriva- 
tion, men with excessive work loads or 
too much exposure to confusing social 
interactions, all act as if their nervous 
systems craved that utterly unstimu- 
lated condition which Freud once 
sketched as the epitome of neural bliss. 
But if these same men be granted their 
Nirvana they soon become miserable 
and begin to look around for a little 
excitement. Human experience testi- 
fies that boredom is a bad state of 
affairs about which something must be 
done. Hebb (1949) has been particu- 
larly insistent in reminding us that 
many of our activities, such as reading 
detective stories, skin-diving, or driv- 
ing cars at high speeds, give clear evi- 
dence of a need to raise the level of 
stimulation and excitement. Men and 
animals alike seem at times bent on 
increasing the impact of the environ- 
ment and even on creating mild de- 
grees of frustration and fear. Hebb 
and Thompson (1954) reflect upon 
this as follows: 

Such phenomena are, of course, well 
known in man: in the liking for dangerous 
sports or roller coasters, where fear is de- 
liberately courted, and in the addiction to 
bridge or golf or solitaire, vices whose very 
existence depends upon the level of difficulty 
of the problems presented and an optimal 
level of frustration. Once more, when we 
find such attitudes toward fear and frustra- 
tion in animals, we have a better basis for 
supposing that we are dealing with some- 
thing fundamental if a man prefers skis to 
the less dangerous snowshoes, or when we 
observe an unashamed love of work (prob- 
lem solving and frustration included) in the 
scientist, or in the business man who cannot 
retire, Such behavior in man 1s usually 
accounted for as a search for prestige, but 
the animal data make this untenable. It 
seems much more likely that solving prob- 
lems and running mild risks are inherently 
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rewarding, or, in more general terms, that 
the animal will always act so as to produce 
an optimal level of excitation (Hebb & 
Thompson, 1954, p. 551). 


The concept of optimal stimulation 

has been developed by Leuba (1955), 
who sees it as helpful in resolving some 
of the problems of learning theory. 
Believing that most theorizing about 
motivation has been based upon “pow- 
erful biological or neurotic drives,” 
Leuba bids us look at the much more 
common learning situations of nursery, 
playground, and school, where “actions 
which increase stimulation and produce 
excitement are strongly reinforced, 
sometimes to the dismay of parents 
and teachers.” He proposes that there 
is an optimal level of stimulation, sub- 
ject to variation at different times, and 
that learning is associated with move- 
ment toward this optimal level, down- 
ward when stimulation is too high and 
upward when it is too low. A similar 
idea is expressed by McReynolds 
(1956) concerning the more restricted 
concept of “rate of perceptualization.” 
Monotonous conditions provide too 
low a rate, with boredom; excessive 
stimulation produces too high a rate, 
with disruptive excitement; the opti- 
mal rate yields the experience of pleas- 
ure. These ideas are now amply sup- 
ported by recent experimental work 
on sensory deprivation (Lilly, 1956; 
Hebb, 1958). 

In recent papers Young (1949, 
1955) has argued for an hedonic 
theory of motivation, one in which af- 
fective processes “constitute a form of 
primary motivation.” According to 
Young’s theory, “an organism behaves 
so as to maximize positive affective 
arousal (delight, enjoyment) and to 
minimize negative arousal (distress) .” 
McClelland (1953) has offered a ver- 
sion of hedonic theory which is of par- 
ticular value in understanding the sig- 
nificance of novelty. Affective arousal 


occurs when a stimulus pattern pro- 
duces a discrepancy from the existing 
adaptation level. Small discrepancies 
produce pleasant affect and a tendency 
to approach; large ones produce un- 
pleasantness and a tendency toward 
avoidance. The child at play, like the 
young chimpanzee and the exploring 
rat, needs frequent novelty in the 
stimulus field in order to keep up his 
interest—in order to maintain pleasant 
discrepancies from whatever adapta- 
tion level he has reached. Hebb’s 
(1949) theory of the neurological cor- 
relates of learning also deals with noy- 
elty, though in a somewhat different 
way. He equates sustained interest 
with a state of neural affairs in which 
“phase sequences” are relatively com- 
plex and are growing, in the sense of 
establishing new internal relations. 
Such a state follows most readily from 
a stimulus field characterized by differ- 
ence-in-sameness; that is, containing 
much that is familiar along with cer- 
tain features that are novel. If the 
field is entirely familiar, phase se- 
quences run off quickly, are short- 
circuited, and thus fail to produce sus- 
tained interest. Hebb’s theory, which 
has the engaging quality of being able 
to explain why we enjoy reading a 
detective story once but not right over 
again, expresses in a neurological hy- 
pothesis the familiar fact that well- 
learned, habituated processes do not 
in themselves greatly interest us. In- 
terest seems to require elements of 
unfamiliarity: of something still to be 
found out and of learning still to 
be done. 

It seems to me that these contribu- 
tions, though differing as to details, 
speak with unanimity on their central 
theme and would force us, if nothing 
else did, to reconsider seriously the 
whole problem of motivation. Bore- 
dom, the unpleasantness of monotony, 
the attraction of novelty, the tendency 
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to vary behavior rather than repeating 
it rigidly, and the seeking of stimula- 
tion and mild excitement stand as in- 
escapable facts of human experience 
and clearly have their parallels in ani- 
mal behavior. We may seek rest and 
minimal stimulation at the end of the 
day, but that is not what we are look- 
ing for the next morning. Even when 
its primary needs are satisfied and its 
homeostatic chores are done, and or- 
ganism is alive, active, and up to some- 
thing. 


Dealing with the Environment 


If we consider things only from the 
viewpoint of affect, excitement, and 
novelty, we are apt to overlook another 
important aspect of behavior, its effect 
upon the environment. Moving in this 
direction, Diamond (1939) invites us 
to consider the motivational properties 
of the sensorineural system, the appa- 
ratus whereby higher animals “main- 
tain their relations to the environ- 
ment.” He conceives of this system 
as demanding stimulation and as act- 
ing in such a manner as to “force the 
environment to stimulate it.” Even if 
one thinks only of the infant’s explor- 
ing eyes and hands, it is clear that the 
main direction of behavior is by no 
means always that of reducing the im- 
pact of stimulation. When the eyes 
follow a moving object, or when the 
hand grasps an object which it has 
touched, the result is to preserve the 
stimulus and to increase its effect. In 
more elaborate explorations the con- 
sequence of a series of actions may be 
to vary the manner in which a stimulus 
acts upon the sense organs. It is 
apparent that the exploring, manipu- 
lating child produces by his actions 
precisely what Hebb’s theory demands 
as a basis for continuing interest: he 
produces  differences-in-sameness 10 
the stimulus field. 

In a critical analysis of Freud’s 
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views on the reality principle, Char- 
lotte Bühler (1954) makes a strong 
case for positive interests in the envi- 
ronment, citing as evidence the respon- 
siveness and adaptiveness of the new- 
born baby as well as the exploratory 
tendencies of later months. The prob- 
lem is worked out in more detail by 
Schachtel (1954) in a paper on focal 
attention. Acts of focal attention are 
characteristically directed at particular 
objects, and they consist of several sus- 
tained approaches “aimed at active 
mental grasp” while excluding the rest 
of the field. These qualities can be 
observed even in the infant’s early at- 
tempts to follow a moving object with 
his eyes, and they show more clearly 
in his later endeavors to learn how 
objects are related both to himself and 
to one another. Such behavior be- 
speaks “a relatively autonomous ca- 
pacity for object interest.” Schachtel 
makes the proposal that this interest is 
pursued precisely at those times when 
major needs are in abeyance. High 
pressure of need or anxiety is the 
enemy of exploratory play and is a 
condition, as every scientist should 
know, under which we are unlikely to 
achieve an objective grasp of the envi- 
ronment. Low need pressure is requi- 
site if we are to perceive objects as 
they are, in their constant character, 
apart from hopes and fears we may 
at other times attach to them. Schach- 
tel doubts that “the wish for need- 
satisfaction alone would ever lead to 
object perception and to object-ori- 
ented thought.” Hence an autonomous 
capacity to be interested in the envi- 
ronment has great value for the sur- 
vival of a species. í 

Being interested in the environment 
implies having some kind of satisfac- 
tory interaction with it. Several work- 
ers call attention to the possibility that 
satisfaction might lie in having an 
effect upon the enyironment, in dealing 
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with it, and changing it in various 
ways. Groos (1901), in his classical 
analysis of play, attached great impor- 
tance to the child’s “joy in being a 
cause,” as shown in making a clatter, 
“hustling things about,” and playing 
in puddles where large and dramatic 
effects can be produced. “We demand 
a knowledge of effects,” he wrote, “and 
to be ourselves the producers of ef- 
fects.” Piaget (1952) remarks upon 
the child’s special interest in objects 
that are affected by his own move- 
ments, This aspect of behavior occu- 
pies a central place in the work of 
Skinner (1953), who describes it as 
“operant” and who thus “emphasizes 
the fact that the behavior operates upon 
the environment to generate conse- 
quences.” These consequences are fed 
back through the sense organs and 
may serve to reinforce behavior even 
when no organic needs are involved. 
A rat will show an increased tendency 
to press a bar when this act produces 
a click or a buzz. A baby will con- 
tinue to investigate when his efforts 
produce rattling or tinkling sounds or 
sparkling reflections from a shiny 
object. The young chimpanzees in 
Welker’s experiment spent the longest 
time over objects which could be 
lighted or made to emit sounds. Skin- 
ner finds it “difficult, if not impossible, 
to trace these reinforcing effects to a 
history of conditioning.” “We may 
plausibly argue,” he continues, “that a 
capacity to be reinforced by any feed- 
back from the environment would be 
biologically advantageous, since it 
would prepare the organism to manipu- 
late the environment successfully be- 
fore a given state of deprivation 
developed.” 


W oodworth’s Behavior-Primacy 
Theory 


The most far-reaching attempt to 
give these aspects of behavior a sys- 
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tematic place in the theory of motiva- 
tion is contained in Woodworth’s 
recent book, Dynamics of Behavior 
(1958). Woodworth takes his start 
from the idea that a great deal of 
human behavior appears to be directed 
toward producing effects upon the en- 
vironment without immediate service 
to any aroused organic need. “Its in- 
centives and rewards are in the field 
of behavior and not in the field of 
homeostasis.” This is illustrated by ex- 
ploratory behavior, which is directed 
outward toward the environment. 


Tts long-range value as the means of mak- 
ing the child acquainted with the world he 
has to deal with later, and so equipping him 
through play for the serious business of life, 
can scarcely lie within the little child’s hori- 
zon. His goals are more limited and direct: 
to see this or that object more closely, to 
find what is behind an obstacle, to hear the 
noise an object makes when it strikes the 
floor, to be told the name of a thing or 
person (Woodworth, 1958, p. 78). 


More complex play, such as build- 
ing with blocks, illustrates the same 
outgoing tendency and reveals more 
plainly the element of finding out what 
one can and cannot do with objects. 
Even social play falls into the pattern. 
Playmates do not chiefly supply affec- 
tion or satisfy organic needs; rather, 
they “afford the opportunity to do 
something interesting in the environ- 
ment.” 

Woodworth draws a contrast between 
need-primacy theories of motivation 
and the behavior-primacy theory. The 
latter holds that “all behavior is di- 
rected primarily toward dealing with 
the environment.” It is to be noted that 
“dealing with the environment” means 
a good deal more than receiving stimuli 
and making responses. Stimuli must 
be taken as indicators of objects in 
Space, and responses must be adapted 
to produce effects upon these objects. 
Even the so-called “mental” capacities, 
such as memory and ideational think- 
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ing, become in time high-level methods 
of dealing with the environment. 
Woodworth leaves no doubt as to what 
he considers basic in motivation. “We 
are making the claim that this direction 
of receptive and motor activity toward 
the environment is the fundamental 
tendency of animal and human behav- 
ior and that it is the all-pervasive pri- 
mary motivation of behavior.” Organic 
drives have to break into this con- 
stantly flowing stream of activity and 
turn it in a special direction. But the 
goals of drives cannot be achieved 
without effective action upon one’s sur- 
roundings. The ever-present, ever- 
primary feature of motivation is the 
tendency to deal with the environment. 

It may appear to some workers that 
Woodworth has overshot the mark by 
making primary what has commonly 
been regarded as secondary, and by 
reducing the familiar drives to what 
sounds a little like a subordinate sta- 
tion. Woodworth’s theory, however, 
like Goldstein’s concept of self-actuali- 
zation, probably should be construed 
not as an attempt to down-grade the 
drives but rather as an insistence that 
they be kept in the context of a whole 
living organism which during its wak- 
ing hours is more or less constantly 
active. © Woodworth’s emphasis on 
dealing with the environment makes 
his theory a point of culmination for 
many of those driftings away from 
drive orthodoxy which we have found 
to be persistent in so many different 
areas of psychology. It will soon ap- 
pear that the concept of competence, 
to which I now turn, represents in 
many respects a similar way of think- 
ing. It emphasizes dealing with the 
environment, and it belongs in the 
trend away from drive orthodoxy, but 
it is not intended to supplant, or even 
to subsume, such dynamic forces as 
hunger, sex, aggression, and fear, 
which everyone knows to be of huge 
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importance in animal and human na- 
ture. 


COMPETENCE AND THE PLAY OF 
CONTENTED CHILDREN 


A backward glance at our survey 
shows considerable agreement about 
the kinds of behavior that are left out 
or handled poorly by theories of moti- 
vation based wholly on organic drives. 
Repeatedly we find reference to the 
familiar series of learned skills which 
starts with sucking, grasping, and 
visual exploration and continues with 
crawling and walking, acts of focal at- 
tention and perception, memory, lan- 
guage and thinking, anticipation, the 
exploring of novel places and objects, 
effecting stimulus changes in the envi- 
ronment, manipulating and exploiting 
the surroundings, and achieving higher 
levels of motor and mental coordina- 
tion. These aspects of behavior have 
long been the province of child psy- 
chology, which has attempted to meas- 
ure the slow course of their develop- 
ment and has shown how heavily their 
growth depends upon learning. Col- 
lectively they are sometimes referred 
to as adaptive mechanisms or as ego 
processes, but on the whole we are not 
accustomed to cast a single name over 
the diverse feats whereby we learn to 
deal with the environment. 

I now propose that we gather the 
various kinds of behavior just men- 
tioned, all of which have to do with 
effective interaction with the environ- 
ment, under the general heading of 
competence. According to Webster, 
competence means fitness or ability, 
and the suggested synonyms include 
capability, capacity, efficiency, profi- 
ciency, and skill. It is therefore a suit- 
able word to describe such things as 
grasping and exploring, crawling and 
walking, attention and perception, lan- 
guage and thinking, manipulating and 
changing the surroundings, all of which 
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promote an effective—a competent— 
interaction with the environment. It 
is true, of course, that maturation plays 
a part in all these developments, but 
this part is heavily overshadowed by 
learning in all the more complex ac- 
complishments like speech or skilled 
manipulation. I shall argue that it is 
necessary to make competence a moti- 
vational concept; there is a compe- 
tence motivation as well as competence 
in its more familiar sense of achieved 
capacity. The behavior that leads to 
the building up of effective grasping, 
handling, and letting go of objects, to 
take one example, is not random be- 
havior produced by a general overflow 
of energy. It is directed, selective, and 
persistent, and it is continued not be- 
cause it serves primary drives, which 
indeed it cannot serve until it is almost 
perfected, but because it satisfies an 
intrinsic need to deal with the envi- 
ronment. 

No doubt it will at first seem arbi- 
trary to propose a single motivational 
conception in connection with so many 
and such diverse kinds of behavior. 
What do we gain by attributing moti- 
vational unity to such a large array of 
activities? We could, of course, say 
that each developmental sequence, such 
as learning to grasp or to walk, has 
its own built-in bit of motivation—its 
“aliment,” as Piaget (1952) has ex- 
pressed it. We could go further and 
say that each item of behavior has its 
intrinsic motive —but this makes the 
concept of motivation redundant. On 
the other hand, we might follow the 
lead of the animal psychologists and 
postulate a limited number of broader 
motives under such names as curiosity, 
manipulation, and mastery. I believe 
that the idea of a competence motiva- 
tion is more adequate than any of these 
alternatives and that it points to very 
vital common properties which have 
been lost from view amidst the strongly 
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analytical tendencies that go with de- 
tailed research. 

In order to make this claim more 
plausible, I shall now introduce some 
specimens of playful exploration in 
early childhood. I hope that these 
images will serve to fix and dramatize 
the concept of competence in the same 
way that other images—the hungry 
animal solving problems, the child put- 
ting his finger in the candle flame, the 
infant at the breast, the child on the 
toilet, and the youthful Oedipus caught 
in a hopeless love triangle—have be- 
come memorable focal points for other 
concepts. For this purpose I turn to 
Piaget’s (1952) studies of the growth 
of intelligence from its earliest mani- 
festations in his own three children. 
The examples come from the first year 
of life, before language and verbal con- 
cepts begin to be important. They 
therefore represent a practical kind of 
intelligence which may be quite similar 
to what is developed by the higher 
animals. 

As early as the fourth month, the 
play of the gifted Piaget children began 
to be “centered on a result produced 
in the external environment,” and their 
behavior could be described as re- 
discovering the movement which by 
chance exercised an advantageous ac- 
tion upon things” (1952, p. 151). 
Laurent, lying in his bassinet, learns 
to shake a suspended rattle by pulling 
a string that hangs from it. He dis- 
covers this result fortuitously before 
vision and prehension are fully coordi- 
nated. Let us now observe him a little 
later when he has reached the age of 
three months and ten days. 

I place the string, which is attached to 
the rattle, in his right hand, merely unroll- 
ing it a little so that he may grasp it better. 
For a moment nothing happens. But at the 
first shake due to chance movement of his 
hand, the reaction is immediate: Laurent 
starts when looking at the rattle and then 
violently strikes his right hand alone, as if 
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he felt the resistance and the effect. The 
operation lasts fully a quarter of an hour, 
during which Laurent emits peals of laugh- 
ter (Piaget, 1952, p. 162). 


Three days later the following behavior 
is observed. 


Laurent, by chance, strikes the chain while 
sucking his fingers. He grasps it and slowly 
displaces it while looking at the rattles. He 
then begins to swing it very gently, which 
produces a slight movement of the hanging 
rattles and an as yet faint sound inside them. 
Laurent then definitely increases by degrees 
his own movements. He shakes the chain 
more and more vigorously and laughs up- 
roariously at the result obtained. (Piaget, 
1952, p. 185). 


Very soon it can be observed that 
procedures are used “to make inter- 
esting spectacles last.” For instance, 
Laurent is shown a rubber monkey 
which he has not seen before. After 
a moment of surprise, and perhaps 
even fright, he calms down and makes 
movements of pulling the string, a pro- 
cedure which has no effect in this case, 
but which previously has caused inter- 
esting things to happen. It is to be 
noticed that “interesting spectacles” 
consist of such things as new toys, a 
tin box upon which a drumming noise 
can be made, an unfolded newspaper, 
or sounds made by the observer such 
as snapping the fingers. Commonplace 
as they are to the adult mind, these 
spectacles enter the infant’s experience 
as novel and apparently challenging 
events. 

Moving ahead to the second half of 
the first year, we can observe behav- 
ior in which the child explores the 
properties of objects and tries out his 
repertory of actions upon them. This 
soon leads to active experimentation in 
which the child attempts to provoke 
new results. Again we look in upon 
Laurent, who has now reached the age 
of nine months. On different occa- 
sions he is shown a variety of new 
objects—for instance a notebook, a 
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beaded purse, and a wooden parrot. 
His carefully observing father detects 
four stages of response: (a) visual ex- 
ploration, passing the object from hand 
to hand, folding the purse, etc.; (b) 
tactile exploration, passing the hand 
all over the object, scratching, etc.; 
(c) slow moving of the object in space; 
(d) use of the repertory of action: 
shaking the object, striking it, swing- 
ing it, rubbing it against the side of 
the bassinet, sucking it, etc., “each in 
turn with a sort of prudence as though 
studying the effect produced” (1952, 
p. 255). 

Here the child can be described as 
applying familiar tactics to new situa- 
tions, but in a short while he will ad- 
vance to clear patterns of active ex- 
perimentation. At 10 months and 10 
days Laurent, who is unfamiliar with 
bread as a nutritive substance, is given 
a piece for examination. He manipu- 
lates it, drops it many times, breaks 
off fragments and lets them fall. He 
has often done this kind of thing be- 
fore, but previously his attention has 
seemed to be centered on the act of 
letting go. Now “he watches with 
great interest the body in motion; in 
particular, he looks at it for a long 
time when it has fallen, and picks it up 
when he can.” On the following day 


he resumes his research. 


He grasps in succession a celluloid swan, 
a box, and several other small objects, in 
each case stretching out his arm and letting 
them fall. Sometimes he stretches out his 
arm vertically, sometimes he holds it 
obliquely in front of or behind his eyes. 
When the object falls in a new position 
(for example on his pillow) he lets it fall 
two or three times more on the same place, 
as though to study the spatial relation; then 
he modifies the situation. At a certain 
moment the swan falls near his mouth; now 
he does not suck it (even though this object 
habitually serves this purpose), but drops 
jt three times more while merely making the 
gesture of opening his mouth (Piaget, 1952, 


p. 269). 
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These specimens will furnish us with 
sufficient images of the infant’s use of 
his spare time. Laurent, of course, 
was provided by his studious father 
with a decidedly enriched environment, 
but no observant parent will question 
the fact that babies often act this way 
during those periods of their waking 
life when hunger, erotic needs, dis- 
tresses, and anxiety seem to be exert- 
ing no particular pressure. If we con- 
sider this behavior under the historic 
headings of psychology we shall see 
that few processes are missing. The 
child gives evidence of sensing, per- 
ceiving, attending, learning, recogniz- 
ing, probably recalling, and perhaps 
thinking in a rudimentary way. Strong 
emotion is lacking, but the infant's 
smiles, gurgles, and occasional peals of 
laughter strongly suggest the presence 
of pleasant affect. Actions appear in 
an organized form, particularly in the 
Specimens of active exploration and 
experimentation. Apparently the child 
is using with a certain coherence nearly 
the whole repertory of psychological 
processes except those that accompany 
stress. It would be arbitrary indeed 
to say that one was more important 
than another. 

These specimens have a meaningful 
unity when seen as transactions be- 
tween the child and his environment, 
the child having some influence upon 
the environment and the environment 
some influence upon the child. Lau- 
rent appears to be concerned about 
what he can do with the chain and 
rattles, what he can accomplish by his 
own effort to reproduce and to 
the entertaining sounds. If his father 
observed correctly, we must add that 
Laurent seems to have varied his ac- 
tions systematically, as if testing the 
effect of different degrees of effort 
upon the bit of environment repre- 
sented by the chain and rattles. Kit- 
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tens make a similar study of parameters 
when delicately using their paws to 
push pencils and other objects ever 
nearer to the edge of one’s desk. In 
all such examples it is clear that the 
child or animal is by no means at the 
mercy of transient stimulus fields. He 
selects for continuous treatment those 
aspects of his environment which he 
finds it possible to affect in some way. 
His behavior is selective, directed, per- 
sistent—in short, motivated. 

Motivated toward what goal? In 
these terms, too, the behavior exhibits 
a little of everything. Laurent can be 
seen as appeasing a stimulus hun- 
ger, providing his sensorium with an 
agreeable level of stimulation by elicit- 
ing from the environment a series of 
interesting sounds, feels, and sights. 
On the other hand we might emphasize 
a need for activity and see him as try- 
ing to reach a pleasurable level of 
neuromuscular exercise. We can also 
see another possible goal in the behav- 
ior: the child is achieving knowledge, 
attaining a more differentiated cogni- 
tive map of his environment and thus 
Satisfying an exploratory tendency or 
motive of curiosity. But it is equally 
possible to discern a theme of mastery, 
power, or control, perhaps even a bit 
of primitive self-assertion, in the child’s 
concentration upon those aspects of the 
environment which respond in some 
way to his own activity. It looks as if 
we had found too many goals, and per- 
haps our first impulse is to search for 
some key to tell us which one is really 
important. But this, I think, is a mis- 
take that would be fatal to under- 
standing. 

We cannot assign priority to any of 
these goals without pausing arbitrarily 
in the cycle of transaction between 
child and environment and saying, 
“This is the real point.” I propose 
instead that the real point is the trans- 


factions as a whole, If the behavior 
ives satisfaction, this satisfaction is 
not associated with a particular mo- 
ment in the cycle. It does not lie 
solely in sensory stimulation, in a bet- 
tering of the cognitive map, in coordi- 
nated action, in motor exercise, in a 
feeling of effort and of effects pro- 
duced, or in the appreciation of change 
brought about in the sensory field. 
These are all simply aspects of a proc- 
ess which at this stage has to be con- 
ceived as a whole. The child appears 
to be occupied with the agreeable task 
of developing an effective familiarity 
with his environment. This involves 
discovering the effects he can have on 
the environment and the effects the en- 
vironment will have on him. To the 
extent that these results are preserved 
by learning, they build up an increased 
competence in dealing with the envi- 
ronment. The child’s play can thus be 
viewed as serious business, though to 
him it is merely something that is in- 
teresting and fun to do. 

Bearing in mind these examples, as 
well as the dealings with environment 
pointed out by other workers, we must 
‘now attempt to describe more fully the 
Possible nature of the motivational 
aspect of competence. It needs its own 
Name, and in view of the foregoing 
analysis I propose that this name be 
effectance. 


EFFECTANCE 


The new freedom produced by two 
decades of research on animal drives 
‘is of great help in this undertaking. 
We are no longer obliged to look for 
a source of energy external to the ner- 
vous system, for a consummatory 
climax, or for a fixed connection be- 
tween reinforcement and tension-reduc- 
tion. Effectance motivation cannot, of 
, be conceived as having a 
source in tissues external to the ner- 
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yous system. It is in no sense a deficit 
motive. We must assume it to be 
neurogenic, its “energies” being simply 
those of the living cells that make 
the nervous system. External stimuli 
play an important part, but in terms 
of “energy” this part is secondary, as 
one can see most clearly when environ- 
mental stimulation is actively sought. 
Putting it picturesquely, we might say 
that the effectance urge represents 
what the neuromuscular system wants 
to do when it is otherwise unoccupied 
or is gently stimulated by the environ- 
ment. Obviously there are no consum- 
matory acts; satisfaction would appear 
to lie in the arousal and maintaining of 
activity rather than in its slow decline 
toward bored passivity. The motive 
need not be conceived as intense and 
powerful in the sense that hunger, pain, 
or fear can be powerful when aroused 
to high pitch. There are plenty of 
instances in which children refuse to 
leave their absorbed play in order to 
eat or to visit the toilet. Strongly 
aroused drives, pain, and anxiety, how- 
ever, can be conceived as overriding 
the effectance urge and capturing the 
energies of the neuromuscular system. 
But effectance motivation is persist- 
ent in the sense that it regularly occu- 
pies the spare waking time between 
episodes of homeostatic crisis. 

In speculating upon this subject we 
must bear in mind the continuous na- 
ture of behavior. This is easier said 
than done; habitually we break things 
down in order to understand them, 
and such units as the reflex arc, the 
stimulus-response sequence, and the 
single transaction with the environ- 
ment seem like inevitable steps toward 
clarity. Yet when we apply such an 
analysis to playful exploration we lose 
the most essential aspect of the behav- 
ior. It is constantly circling from 
stimulus to perception to action to ef- 
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fect to stimulus to perception, and so 
on around; or, more properly, these 
processes are all in continuous action 
and continuous change. Dealing with 
the environment means carrying on a 
continuing transaction which gradually 
changes one’s relation to the environ- 
ment. Because there is no consumma- 
tory climax, satisfaction has to be seen 
as lying in a considerable series of 
transactions, in a trend of behavior 
rather than a goal that is achieved. ` It 
is difficult to make the word “satis- 
faction” have this connotation, and we 
shall do well to replace it by “feeling of 
efficacy” when attempting to indicate 
the subjective and affective side of 
effectance. 

It is useful to recall the findings 
about novelty: the singular effective- 
ness of novelty in engaging interest 
and for a time supporting persistent 
behavior. We also need to consider 
the selective continuance of transac- 
tions in which the animal or child has 
a more or less pronounced effect upon 
the environment—in which something 
happens as a consequence of his ac- 
tivity. Interest is not aroused and 
sustained when the stimulus field is so 
familiar that it gives rise at most to 
reflex acts or automatized habits. It 
is not sustained when actions produce 
no effects or changes in the stimulus 
field. Our conception must there- 
fore be that effectance motivation is 
aroused by stimulus conditions which 
offer, as Hebb (1949) puts it, differ- 
ence-in-sameness. This leads to varia- 
bility and novelty of response, and 
interest is best sustained when the re- 
sulting action affects the stimulus so 
as to produce further difference-in- 
sameness. Interest wanes when action 
begins to have less effect; effectance 
motivation subsides when a situation 
has been explored to the point that it 
no longer presents new possibilities, 
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We have to conceive further that the 
arousal of playful and exploratory in- 
terest means the appearance of organi- 
zation involving both the cognitive and 
active aspects of behavior. Change in 
the stimulus field is not an end in it- 
self, so to speak; it happens when one 
is passively moved about, and it may 
happen as a consequence of random 
movements without becoming focalized 
and instigating exploration. Similarly, 
action which has effects is not an end 
in itself, for if one unintentionally kicks 
away a branch while walking, or 
knocks something off a table, these 
effects by no means necessarily be- 
come involved in playful investigation. 
Schachtel’s (1954) emphasis on focal 
attention becomes helpful at this point. 
The playful and exploratory behavior 
shown by Laurent is not random or 
casual. It involves focal attention to 
some object—the fixing of some aspect 
of the stimulus field so that it stays 
relatively constant—and it also in- 
volves the focalizing of action upon 
this object. As Diamond (1939) has 
expressed it, response under these con- 
ditions is “relevant to the stimulus,” 
and it is change in the focalized stimu- 
lus that so strongly affects the level of 
interest. Dealing with the environ- 
ment means directing focal attention 
to some part of it and organizing ac- 
tions to have some effect on this part. 

In our present state of relative ig- 
norance about the workings of the 
nervous system it is impossible to form 
a satisfactory idea of the neural basis 
of effectance motivation, but it should 
at least be clear that the concept does 
not refer to any and every kind of 
neural action. It refers to a particular 
kind of activity, as inferred from par- 
ticular kinds of behavior. We can say 
that it does not include reflexes and 
other kinds of automatic response. It 
does not include well-learned, automa- 
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tized patterns, even those that are com- 
plex and highly organized. It does 
not include behavior in the service of 
effectively aroused drives. It does not 
even include activity that is highly ran- 
dom and discontinuous, though such 
behavior may be its most direct fore- 
runner. The urge toward competence 
is inferred specifically from behavior 
that shows a lasting focalization and 
that has the characteristics of explora- 
tion and experimentation, a kind of 
variation within the focus. When this 
particular sort of activity is aroused 
in the nervous system, effectance mo- 
tivation is being aroused, for it is char- 
acteristic of this particular sort of ac- 
tivity that it is selective, directed, and 
persistent, and that instrumental acts 
will be learned for the sole reward of 
engaging in it. 

Some objection may be felt to my 
introducing the word competence in 
connection with behavior that is so 
often playful. Certainly the playing 
child is doing things for fun, not be- 
cause of a desire to improve his com- 
petence in dealing with the stern hard 
world. In order to forestall misunder- 
standing, it should be pointed out that 
the usage here is parallel to what we 
do when we connect sex with its bio- 
logical goal of reproduction. The sex 
drive aims for pleasure and gratifica- 
tion, and reproduction is a consequence 
that is presumably unforeseen by ani- 
mals and by man at primitive levels of 
understanding. Effectance motivation 
similarly aims for the feeling of effi- 
cacy, not for the vitally important 
learnings that come as its consequence. 
If we consider the part played by com- 
petence motivation in adult human life 
we can observe the same parallel. Sex 
may now be completely and purpose- 
fully divorced from reproduction but 
nevertheless pursued for the pleasure 
it can yield. Similarly, effectance 


323 


motivation may lead to continuing ex- 
ploratory interests or active adventures 
when in fact there is no longer any 
gain in actual competence or any need 
for it in terms of survival. In both cases 
the motive is capable of yielding surplus 
satisfaction well beyond what is neces- 
sary to get the biological work done. 

In infants and young children it 
seems to me sensible to conceive of 
effectance motivation as undifferen- 
tiated. Later in life it becomes profit- 
able to distinguish various motives 
such as cognizance, construction, mas- 
tery, and achievement. It is my view 
that all such motives have a root in 
effectance motivation. They are dif- 
ferentiated from it through life experi- 
ences which emphasize one or another 
aspect of the cycle of transaction with 
environment. Of course, the motives 
of later childhood and of adult life are 
no longer simple and can almost never 
be referred to a single root. They can 
acquire loadings of anxiety, defense, 
and compensation, they can become 
fused with unconscious fantasies of a 
sexual, aggressive, or omnipotent char- 
acter, and they can gain force because 
of their service in producing realistic 
results in the way of income and 
career. It is not my intention to cast 
effectance in the star part in adult 
motivation. The acquisition of motives 
is a complicated affair in which simple 
and sovereign theories grow daily more 
obsolete. Yet it may be that the satis- 
faction of effectance contributes sig- 
nificantly to those feelings of interest 
which often sustain us so well in day- 
to-day actions, particularly when the 
things we are doing have continuing 
elements of novelty. 


Tue BIOLOGICAL SIGNIFICANCE 
OF COMPETENCE 


The conviction was expressed at the 
beginning of this paper that some such 
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concept as competence, interpreted mo- 
tivationally, was essential for any bio- 
logically sound view of human nature. 
This necessity emerges when we con- 
sider the nature of living systems, par- 
ticularly when we take a longitudinal 
view. What an organism does at a 
given moment does not always give 
the right clue as to what it does over 
a period of time. Discussing this prob- 
lem, Angyal (1941) has proposed that 
we should look for the general pattern 
followed by the total organismic proc- 
ess over the course of time. Obviously 
this makes it necessary to take account 
of growth. Angyal defines life as “a 
process of self-expansion”; the living 
system “expands at the expense of its 
surroundings,” assimilating parts of 
the environment and transforming 
them into functioning parts of itself. 
Organisms differ from other things in 
nature in that they are “self-governing 
entities” which are to some extent 
“autonomous.” Internal processes 
govern them as well as external “heter- 
onomous” forces. In the course of 
life there is a relative increase in the 
preponderance of internal over exter- 
nal forces. The living system expands, 
assimilates more of the environment, 
transforms its surroundings so as to 
bring them under greater control. “We 
may say,” Angyal writes, “that the 
general dynamic trend of the organism 
is toward an increase of autonomy.... 
The human being has a characteristic 
tendency toward self-determination, 
that is, a tendency to resist external 
influences and to subordinate the heter- 
onomous forces of the physical and 
social environment to its own sphere 
of influence.” The trend toward in- 
creased autonomy is characteristic so 
long as growth of any kind is going on, 
though in the end the living system is 
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bound to succumb to the pressure of 
heteronomous forces. 

Of all living creatures, it is man who 
takes the longest strides toward auton- 
omy. This is not because of any un- 
usual tendency toward bodily expan- 
sion at the expense of the environment. 
It is rather that man, with his mobile 
hands and abundantly developed brain, 
attains an extremely high level of com- 
petence in his transactions with his 
surroundings. The building of houses, 
roads and bridges, the making of tools 
and instruments, the domestication of 
plants and animals, all qualify as plan- 
ful changes made in the environment 
so that it comes more or less under 
control and serves our purposes rather 
than intruding upon them. We meet 
the fluctuations of outdoor tempera- 
ture, for example, not only with our 
bodily homeostatic mechanisms, which 
alone would be painfully unequal to 
the task, but also with clothing, build- 
ings, controlled fires, and such compli- 
cated devices as self-regulating central 
heating and air conditioning. Man as 
a species has developed a tremendous 
power of bringing the environment 
into his service, and each individual 
member of the species must attain what 
is really quite an impressive level of 
competence if he is to take part in the 
life around him. 

We are so accustomed to these 
human accomplishments that it is hard 
to realize how long an apprenticeship 
they require. At the outset the human 
infant is a slow learner in comparison 
with other animal forms, Hebb (1949) 


‘speaks of “the astonishing inefficiency 


of man’s first learning, as far as im- 
mediate results are concerned,” an in- 
efficiency which he attributes to the 
large size of the association areas in 
the brain and the long time needed to 
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bring them under sensory control. The 
human lack of precocity in learning 
shows itself even in comparison with 
one of the next of kin: as Hebb points 
out, “the human baby takes six months, 
the chimpanzee four months, before 
making a clear distinction between 
friend and enemy.” Later in life the 
slow start will pay dividends. Once 
the fundamental perceptual elements, 
simple associations, and conceptual 
sequences have been established, later 
learning can proceed with ever increas- 
ing swiftness and complexity. In 
Hebb’s words, “learning at maturity 
concerns patterns and events whose 
parts at least are familiar and which 
already have a number of other asso- 
ciations.” 

This general principle of cumulative 
learning, starting from slowly acquired 
rudiments and proceeding thence with 
increasing efficiency, can be illustrated 
by such processes as manipulation and 
locomotion, which may culminate in 
the acrobat devising new stunts or the 
dancer working out a new ballet. It 
is especially vivid in the case of lan- 
guage, where the early mastery of 
words and pronunciation seems such 
a far cry from spontaneous adult 
speech, A strong argument has been 
made by Hebb (1949) that the learn- 
ing of visual forms proceeds over a 
similar course from slowly learned ele- 
ments to rapidly combined patterns. 
Circles and squares, for example, can- 
not be discriminated at a glance with- 
out a slow apprenticeship involving 
eye movements, successive fixations, 
and recognition of angles. Hebb pro- 
poses that the recognition of visual 
patterns without eye movement “is 
possible only as the result of an inten- 
sive and prolonged visual training that 
goes on from the moment of birth, 
during every moment that the eyes are 
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open, with an increase in skill evident 
over a perod of 12 to 16 years at least.” 

On the motor side there is likewise 
a lot to be cumulatively learned. The 
playing, investigating child slowly finds 
out the relationships between what he 
does and what he experiences. He 
finds out, for instance, how hard he 
must push what in order to produce 
what effect. Here the S-R formula 
is particularly misleading. It would 
come nearer the truth to say that the 
child is busy learning R-S connections 
—the effects that are likely to follow 
upon his own behavior. But even in 
this reversed form the notion of bonds 
or connections would still misrepresent 
the situation, for it is only a rare speci- 
men of behavior that can properly 
be conceived as determined by fixed 
neural channels and a fixed motor 
response. As Hebb has pointed 
out, discussing the phenomenon of 
“motor equivalence” named by Lashley 
(1942), a rat which has been trained 
to press a lever will press it with the 
left forepaw, the right forepaw, by 
climbing upon it, or by biting it; a 
monkey will open the lid of a food box 
with either hand, with a foot, or even 
with a stick; and we might add that 
a good baseball player can catch a fly 
ball while running in almost any direc- 
tion and while in almost any posture, 
including leaping in the air and plung- 
ing forward to the ground. All of 
these feats are possible because of a 
history of learnings in which the main 
lesson has been the effects of actions 
upon the stimulus fields that represent 
the environment. What has been 
learned is not a fixed connection but 
a flexible relationship between stimu- 
lus fields and the effects that can be 
produced in them by various kinds of 


action. ; 
One additional example, drawn this 
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time from Piaget (1952), is particu- 
larly worth mentioning because of its 
importance in theories of development. 
Piaget points out that a great deal of 
mental development depends upon the 
idea that the world is made up of ob- 
jects having substance and permanence. 
Without such an “object concept” it 
would be impossible to build up the 
ideas of space and causality and to 
arrive at the fundamental distinction 
between self and external world. Ob- 
servation shows that the object con- 
cept, “far from being innate or ready- 
made in experience, is constructed 
little by little.” Up to 7 and 8 months 
the Piaget children searched for van- 
ished objects only in the sense of try- 
ing ‘to continue the actions, such as 
sucking or grasping, in which the ob- 
jects had played a part. When an 
object was really out of sight or touch, 
even if only because it was covered by 
a cloth, the infants undertook no fur- 
ther exploration. Only gradually, after 
some study of the displacement of ob- 
jects by moving, swinging, and drop- 
ping them, does the child begin to 
make an active search for a vanished 
object, and only still more gradually 
does he learn, at 12 months or more, 
to make allowance for the object’s se- 
quential displacements and thus to seek 
it where it has gone rather than where 
it was last in sight. Thus it is only 
through cumulative learning that the 
child arrives at the idea of permanent 
substantial objects. 

The infant’s play is indeed serious 
business. If he did not while away 
his time pulling strings, shaking rat- 
tles, examining wooden parrots, drop- 
ping pieces of bread and celluloid 
swans, when would he learn to dis- 
criminate visual patterns, to catch and 
throw, and to build up his concept of 
the object? When would he acquire 
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the many other foundation stones nec- 
essary for cumulative learning? The 
more closely we analyze the behavior 
of the human infant, the more clearly 
do we realize that infancy is not 
simply a time when the nervous sys- 
tem matures and the muscles grow 
stronger. It is a time of active and 
continuous learning, during which the 
basis is laid for all those processes, 
cognitive and motor, whereby the child 
becomes able to establish effective 
transactions with his environment and 
move toward a greater degree of auton- 
omy. Helpless as he may seem until 
he begins to toddle, he has by that 
time already made substantial gains in 
the achievement of competence. 
Under primitive conditions survival 
must depend quite heavily upon 
achieved competence. We should ex- 
pect to find things so arranged as to 
favor and maximize this achievement. 
Particularly in the case of man, where 
so little is provided innately and so 
much has to be learned through expe- 
rience, we should expect to find highly 
advantageous arrangements for secur- 
ing a steady cumulative learning about 
the properties of the environment and 
the extent of possible transactions. 
Under these circumstances we might 
expect to find a very powerful drive 
operating to insure progress toward 
competence, just as the vital goals of 
nutrition and reproduction are secured 
by powerful drives, and it might there- 
fore seem paradoxical that the inter- 
ests of competence should be so much 
entrusted to times of play and leisurely 
exploration. There is good reason to 
Suppose, however, that a strong drive 
would be precisely the wrong arrange- 
ment to secure a flexible, knowledge- 
able power of transaction with the 
environment. Strong drives cause us 
to learn certain lessons well, but they 
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do not create maximum familiarity 
with our surroundings. 

This point was demonstrated half 
a century ago in some experiments by 
Yerkes and Dodson (1908). They 
showed that maximum motivation did 
not lead to the most rapid solving of 
problems, especially if the problems 
were complex. For each problem there 
was an optimum level of motivation, 
neither the highest nor the lowest, and 
the optimum was lower for more com- 
plex tasks. The same problem has been 
discussed more recently by Tolman 
(1948) in his paper on cognitive maps. 
A cognitive map can be narrow or 
broad, depending upon the range of 
cues picked up in the course of learn- 
ing. Tolman suggests that one of the 
conditions which tend to narrow the 
range of cues is a high level of motiva- 
tion. In everyday terms, a man hurry- 
ing to an important business confer- 
ence is likely to perceive only the cues 
that help him to get there faster, 
whereas a man taking a stroll after 
lunch is likely to pick up a substantial 
amount of casual information about his 
environment. The latent learning ex- 
periments with animals, and experi- 
ments such as those of Johnson (1953) 
in which drive level has been system- 
atically varied in a situation permitting 
incidental learning, give strong sup- 
port to this general idea. In a recent 
contribution, Bruner, Matter, and 
Papanek (1955) make a strong case 
for the concept of breadth of learning 
and provide additional evidence that 
it is favored by moderate and ham- 
pered by strong motivation. The latter 
“has the effect of speeding up learning 
at the cost of narrowing it.” Attention 
Is concentrated upon the task at hand 
and little that is extraneous to this task 
is learned for future use. 

These facts enable us to see the bio- 
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logical appropriateness of an arrange- 
ment which uses periods of less intense 
motivation for the development of 
competence. This is not to say that 
the narrower but efficient learnings 
that go with the reduction of strong 
drives make no contribution to general 
effectiveness. They are certainly an 
important element in capacity to deal 
with the environment, but a much 
greater effectiveness results from hav- 
ing this capacity fed also from learn- 
ings that take place in quieter times. 
It is then that the infant can attend 
to matters of lesser urgency, exploring 
the properties of things he does not 
fear and does not need to eat, learning 
to gauge the force of his string-pulling 
when the only penalty for failure is 
silence on the part of the attached rat- 
tles, and generally accumulating for 
himself a broad knowledge and a broad 
skill in dealing with his surroundings. 

The concept of competence can be 
most easily discussed by choosing, as 
we have done, examples of interaction 
with the inanimate environment. It 
applies equally well, however, to trans- 
actions with animals and with other 
human beings, where the child has the 
same problem of finding out what ef- 
fects he can have upon the environ- 
ment and what effects it can have upon 
him. The earliest interactions with 
members of the family may involve 
needs so strong that they obscure the 
part played by effectance motivation, 
but perhaps the example of the well 
fed baby diligently exploring the sev- 
eral features of his mother’s face will 
serve as a reminder that here, too, 
there are less urgent moments when 
learning for its own sake can be given 
free rein. 

In this closing section I have 
brought together several ideas, which 
bear on the evolutionary significance 
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of competence and of its motivation. 
I have sought in this way to deepen 
the biological roots of the concept and 
thus help it to attain the stature inthe 
theory of behavior which has not been 
reached by similar concepts in the past. 
To me it seems that the most impor- 
tant proving ground for this concept is 
the effect it may have on our under- 
standing of the development of person- 
ality. Does it assist our grasp of early 
object relations, the reality principle, 
and the first steps in the development 
of the ego? Can it be of service in 
distinguishing the kinds of defense 
available at different ages and in pro- 
viding clues to the replacement of 
primitive defenses by successful adap- 
tive maneuvers? Can it help fill the 
yawning gap known as the latency 
period, a time when the mastery of 
school subjects and other accomplish- 
ments claim so large a share of time 
and energy? Does it bear upon the 
self and the vicissitudes of self-esteem, 
and can it enlighten the origins of psy- 
chological disorder? Can it make 
adult motives and interests more intel- 
ligible and enable us to rescue the con- 
cept of sublimation from the difficulties 
which even its best friends have recog- 
nized? I believe it can be shown that 
existing explanations of development 
are not satisfactory and that the addi- 
tion of the concept of competence cuts 
certain knots in personality theory. 
But this is not the subject of the pres- 
ent communication, where the concept 
is offered much more on the strength 
of its logical and biological probability. 


SUMMARY 


The main theme of this paper is 
introduced by showing that there is 
widespread discontent with theories of 
motivation built upon primary drives. 
Signs of this discontent are found 
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in realms as far apart as animal 
psychology and psychoanalytic ego 

S psychology. In the former, the com- 
monly recognized primary drives have 
proved to be inadequate in explain- 
ing exploratory behavior, manipula- 
tion, and general activity. In the 
latter, the theory of basic instincts has 
shown serious shortcomings when it is 
stretched to account for the develop- 
ment of the effective ego. Workers 
with animals have attempted to meet 
their problem by invoking secondary 
reinforcement and anxiety reduction, 
or by adding exploration and manipu- 
lation to the roster of primary drives. 
In parallel fashion, psychoanalytic 
workers have relied upon the concept 
of neutralization of instinctual energies, 
have seen anxiety reduction as the cen- 
tral motive in ego development, or 
have hypothesized new instincts such 
as mastery. It is argued here that 
these several explanations are not sat- 
isfactory and that a better conceptuali- 
zation is possible, indeed that it has 
already been all but made. 

In trying to form this conceptualiza- 
tion, it is first pointed out that many 
of the earlier tenets of primary drive 
theory have been discredited by recent 
experimental work. There is no longer 
any compelling reason to identify 
either pleasure or reinforcement with 
drive reduction, or to think of motiva- 
tion as requiring a source of energy 
external to the nervous system. This 
opens the way for considering in their 
own right those aspects of animal and 
human behavior in which stimulation 
and contact with the environment seem 
to be sought and welcomed, in which 
raised tension and even mild excite- 
ment seem to be cherished, and in 
which novelty and variety seem to be 
enjoyed for their own sake. Several 
reports are cited which bear upon in- 
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terest in the environment and the re- 
warding effects of environmental feed- 
back. The latest contribution is that 
of Woodworth (1958), who makes 
dealing with the environment the most 
fundamental element in motivation. 

The survey indicates a certain una- 
nimity as to the kinds of behavior that 
cannot be successfully conceptualized 
in terms of primary drives. This be- 
havior includes visual exploration, 
grasping, crawling and walking, atten- 
tion and perception, language and 
thinking, exploring novel objects and 
places, manipulating the surroundings, 
and producing effective changes in the 
environment. The thesis is then pro- 
posed that all of these behaviors have a 
common biological significance: they 
all form part of the process whereby 
the animal or child learns to interact 
effectively with his environment. The 
word competence is chosen as suitable 
to indicate this common property. 
Further, it is maintained that compe- 
tence cannot be fully acquired simply 
through behavior instigated by drives. 
It receives substantial contributions 
from activities which, though playful 
and exploratory in character, at the 
same time show direction, selectivity, 
and persistence in interacting with the 
environment. Such activities in the 
ultimate service of competence must 
therefore be conceived to be motivated 
in their own right. It is proposed to 
designate this motivation by the term 
effectance, and to characterize the ex- 
perience produced as a feeling of 
efficacy, 

In spite of its sober biological pur- 
Pose, effectance motivation shows it- 
Self most unambiguously in the playful 
and investigatory behavior of young 
animals and children. Specimens of 
Such behavior, drawn from Piaget 
(1952), are analyzed in order to dem- 
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onstrate their constantly transactional 
nature. Typically they involve con- 
tinuous chains of events which include 
stimulation, cognition, action, effect on 
the environment, new stimulation, ete. 
They are carried on with considerable 
persistence and with selective empha- 
sis on parts of the environment which 
provide changing and interesting feed- 
back in connection with effort ex- 
pended. Their significance is destroyed 
if we try to break into the circle arbi- 
trarily and declare that one part of it, 
such as cognition alone or active effort 
alone, is the real point, the goal, or the 
special seat of satisfaction. Effectance 
motivation must be conceived to in- 
volve satisfaction—a feeling of efficacy 
—in transactions in which behavior has 
an exploratory, varying, experimental 
character and produces changes in the 
stimulus field. Having this character, 
the behavior leads the organism to 
find out how the environment can be 
changed and what consequences flow 
from these changes. 

In higher animals and especially in 
man, where so little is innately pro- 
vided and so much has to be learned 
about dealing with the environment, 
effectance motivation independent of 
primary drives can be seen as an ar- 
rangement having high adaptive value, 
Considering the slow rate of learning 
in infancy and the vast amount that 
has to be learned before there can be 
an effective level of interaction with 
surroundings, young animals and chil- 
dren would simply not learn enough 
unless they worked pretty steadily at 
the task between episodes of homeo- 
static crisis. The association of interest 
with this “work,” making it play and 
fun, is thus somewhat comparable to 
the association of sexual pleasure with 
the biological goal of reproduction. 
Effectance motivation need not be 
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conceived as strong in the sense that 
sex, hunger, and fear are strong when 
violently aroused. It is moderate but 
persistent, and in this, too, we can dis- 
cern a feature that is favorable for 
adaptation. Strong motivation rein- 
forces learning in a narrow sphere, 
whereas moderate motivation is more 
conducive to an exploratory and ex- 
perimental attitude which leads to com- 
petent interactions in general, without 
reference to an immediate pressing 
need. Man’s huge cortical association 
areas might have been a suicidal piece 
of specialization if they had come with- 
out a steady, persistent inclination to- 
ward interacting with the environment. 
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THE GEOMETRY OF VISUAL SPACE ' 


A. A. SMITH? 
Defence Research Medical Laboratories, Toronto 


In the Luneburg (1947) theory of 
binocular space perception, the geome- 
try of visual space is demonstrated to 
be non-Euclidean. The demonstra- 
tion logically proceeds in two steps. 
First, from a limited number of 
mathematical assumptions, it is shown 
that the visual space must be one of 
the Riemannian spaces of constant 
curvature, having either the positive 
curvature of elliptic space, or the zero 
curvature of flat Euclidean space, or 
the negative curvature of hyperbolic 
space. The most rigorous mathe- 
matical treatment of this problem has 
been published by Blank (1958). 

The choice among the three types 
of space is then made by appeal to 
special experiments. These experi- 
ments are all of the same general 
character: an observer, confronted 
with a distribution of luminous points, 
is asked to modify the initial con- 
figuration so as to give himself a 
specified perception. This perception 
is customarily one which involves 
simple notions of equidistance, col- 
linearity, and the like. Blank (1953) 
gives a comprehensive account of the 
experimental procedures. The results 
can be accounted for on the hypothesis 
that the visual space exhibits a 
constant negative curvature. 

We do not quarrel with this con- 
clusion. Rather, we propose to show 
that the negative curvature of visual 
space can be derived entirely by 
mathematical arguments, given a 
different set ofjinitial assumptions. 


1 Defence Research Medical Laboratories 
Project No. 212, DRML Rep. No. 212-9, 
PCC No. D77-38-50-04, H.R. No. 176. 

2Now at Assumption University of 
Windsor, Windsor, Ontario. 


The argument will proceed in two 
steps: first, a characterization of the 
visual space under defined conditions 
of observation; and then a mathe- 
matical analysis, originally developed 
by Eddington (1946, Ch. 1), and here 


modified to fit the visual case. 


VISUAL SPACE 


We restrict ourselves to those ob- 
servational conditions which have 
been used in experimental tests of the 
Luneburg hypothesis. In particular, 
following Blank (1958, p. 328), we 
consider “‘only those stimuli consisting 
entirely of isolated small lights, in 
appearance like stars, in otherwise 
completely dark surroundings.” 
These point sources we will call ‘‘p- 
particles," and we assume them to be 
randomly distributed throughout 
physical space. The set P of all 
possible p-particles can be shown to 
be at most denumerably infinite. 

We consider now an observer, 
situated at some fixed point in 
physical space, but able to look about 
freely in all directions. The set P 
will appear to him as a subset V of 
discriminable visual points, or ‘‘v- 
particles”; this subset V constitutes 
the visual space of our observer; it is 
characterized by the following axioms: 

I. There is an irreducible uncertainty 
in the position of a given v-particle in 
visual space; this uncertainty will 
usually be referred to a visual frame 
of reference and will be spoken of as 
the “uncertainty of the visual origin.” 

Il. The set V of all possible v- 
particles is finite; i.e., the set V has 
associated with it a “largest integer,” 
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N, which we shall call the “number of 
particles.” i 

III. The probability distribution of 
he v-particles is uniform; by this we 
an that, if two distinct volumes of 
al space appear equal in extent to 
the observer, they will have equal 
probabilities of containing a v- 
article. 

We consider now a very large num- 
ber, V, of v-particles, with uniform 
probability distribution in visual 
pace. Let Vo be a randomly chosen 
olume of visual space, large enough 
0 contain a considerable number of 
particles. The probability of a 
article lying in Vo we shall write as 
j; the expected number in Vo is 
lerefore 

ngo = Np 


The actual number will fluctuate 
about this expected value and, for N 
no large enough, the distribution 


y =n — no 

i be normal, with variance 

[1] 
We now set x = y/mo, and obtain 
var(x) = 1/no— 1/N [R] 


By Equation 2, we express the 
luctuation in the number of particles 
fixed volume of visual space as 
ng due to two independent sources 
Í variation, one of which depends on 
sample size (no), while the other 
ends on the finiteness of the 
ulation (N). The two variances 
te to be combined negatively. 

We now look at the particle density, 
hich we may write 


var (y) = no(1 — n/N) 


ticle density into an uncertain one 
d= d(t +x) 


Tue Geometry or Visvat Space 
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Instead of considering an uncertain 
number of particles in a fixed volume, 
we can consider an exact number of 
particles, and transfer the uncertainty 
to the containing volume, where 


d = n/ Va = m/V 
By putting 
V = Vy (1 +e)’ 


the uncertainty is now contained in a 
linear scale factor 1 +e. We now 
wish to transform the distribution 
function of x into a function of e. 
If the transformation were only over 
discrete values, the relation would be 


(1 + x) = (1 +e) 


Since, however, we are dealing with 
continuous functions, we must insert 
a factor proportional to de/dy. The 
relation is then 


(1+ x)dx = k(1 + ¢)¥de 
which gives on integration 
(1 +x) = (1+ e) 


Or, on expanding and neglecting 
squares and higher powers 


x = 2e 


Since, by Equation 2, the standard 
deviation of x (due to the finiteness 
of N) is 1/VN, the standard devia- 
tion of e is 


oe = 4VN * [$] 


In order to take account of this as 
an uncertainty in the scale of measure- 
ment, we must introduce the un- 
certain scale (1+ e) into the visual 
coordinates. 

We consider a v-particle at a 
distance r from the origin. If we 
assume this distance to be measured, 
or estimated, with the aid of a 
“scale” which has a standard error 
ca, the standard error of r cannot be 
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less than or. The total uncertainty 
in the coordinates of the v-particle 
will therefore be compounded of two 
factors: (a) an uncertainty ø in all 
directions due to the uncertainty of 
the visual origin, and (b) an un- 
certainty o in the radial direction 
only, due to the uncertain scale of 
measurement of r. Remembering 
that the scale uncertainty is to be 
combined negatively with all other 
sources of variation, the resultant 
standard deviations are 


radial = Vo? — o2r? 
transverse = g 


[4] 


We shall call Equation 4 the local 
uncertainty of the visual frame of 
reference. The local uncertainty at a 
given location in a given direction may 
be used to define a standard extension 
which we adopt as the unit for 
measuring (or estimating) lengths in 
that direction in that locality. Using 
this unit, we write the expression for 
the distance between two infinitely 
near points, in terms of radial and 
transverse elements, as 


ds?/o? = dr*/ (0° — or?) 
+ 7d6?/o? + rded¢?/a? 


which becomes, on simplifying and 
setting K = o/o’, 


ds? = dr?/ (1 — Kr) + rde 
+ rdedg? [5] 


We recognize in Equation 5 a 
variant of what Weyl (1950) has 
called the ‘‘metrical groundform” of a 
Riemannian space of constant nega- 
tive curvature. We have, therefore, 
arrived at the same conclusion as 
Luneburg and his followers. 


DISCUSSION 


Starting from a consideration of the 
probability scatter of particles in an 
hypothetical visual space, we have 
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been led to attribute part of this 
scatter to an uncertainty in the scale 
by which we measure or estimate 
distances. By applying the standard 
deviation o negatively, we in effect 
correct the whole random fluctuation 
of a measured distance r for the part 
attributable to the scale uncertainty, 
so as to obtain what we may consider 
as the “true” distribution corre- 
sponding to an exact standard. This 
elimination changes the metric so that 
Euclidean “flat” space becomes trans- 
formed into a space of constant 
negative curvature. 

To treat of visual space as non- 
Euclidean means, then, that the 
curvature replaces the scale uncertainty. 
This is, for the purpose of describing 
what occurs in certain classes of 
experiments, a useful transformation. 
But there may well be other kinds of 
visual data where we would do better 
to represent the observations, without 
correction, in flat space, and- retain an 
explicit expression for the scale 
uncertainty. 

The question of the nature of visual 
space may be looked at in a more 
general way. Weyl (1950) cites the 
distinction made by Riemann between 
discrete and continuous manifolds. 
The measure of a discrete manifold is 
determined by the number of elements 
in it; while for a continuous manifold, 
we must “seek the ground of its 
metric relations outside it” (p. 97). 
Physical space, Weyl remarks, is in 
itself devoid of form; “it acquires 
definite form only through the advent 
of the material content filling it and 
determining its metric relations” (p- 
98). 

The present approach may be 
thought of as characterizing visual 
space ab initio either as a discrete 
manifold of N elements or as a 
continuous space whose only content 
—under the defined conditions of obser- 
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vation—is a finite set of N v-particles, 
distributed uniformly through space. 
In either event, it is not surprising to 
find the metrical groundform deter- 
mined by N, the numer of v-particles. 


SUMMARY 


An analysis of visual space percep- 
tion is given, in which only stimuli 
consisting entirely of isolated point- 
sources in otherwise dark surroundings 
are considered. The observer is re- 
stricted to a fixed point of origin, but 
is otherwise free to look about in all 
directions. 

Consideration of the probability 
dispersion of points in the visual field 
leads to an expression for the un- 
certainty of the scale of measurement. 
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A Riemannian space of constant 
negative curvature arises when this 
scale uncertainty is eliminated by a 
mathematical transformation. 
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COMMENT ON “INTRALIST GENERALIZATION 
IN PAIRED-ASSOCIATE LEARNING” 


WILLIAM F. BATTIG 


University of Virginia 


Murdock (1958) has recently ques- 
tioned the common principle which states 
that intralist generalization in paired- 
associate learning first increases to a 
maximum and then declines with prac- 
tice. Instead, he concludes that such 
generalization is maximal at the start of 
paired-associate learning and consistently 
decreases as learning proceeds. Although 
an impressive array of arguments have 
been presented in support of this posi- 
tion, Murdock’s presentation suffers from 
two serious defects, with the result that 
he fails to come to grips with the issue 
with which he purports to be concerned. 

To begin with, Murdock fails to de- 
lineate what he means by “amount of 
intralist generalization.” He quotes a 
definition given by Gibson (1940) which, 
although not entirely clear on this point, 
seems to refer to the absolute strength 
of generalized response tendencies, which 
may or may not be related to strength of 
correct responses. However, Murdock’s 
analysis is at best applicable to intralist 
generalization relative to strength of cor- 
rect responses. ‘This distinction is of 
paramount importance with respect to 
the issue under consideration, as an in- 
crease in absolute strength of generalized 
responses with practice would typi- 
cally appear as a decrease relative to 
the greater corresponding increase in 
strength of the correct responses. Since 
his suggested method of measuring intra- 
list generalization is appropriate only for 
relative strength, no information is pro- 
vided with respect to the course of 
change in absolute strength of general- 
ized responses as learning proceeds. 

A second implication of Murdock’s 
analysis is that he has in effect defined 
the problem away on logical grounds and 
all but eliminated the empirical value of 


the concept of intralist generalization in 
paired-associate learning. He argues 
that the appropriate method of attacking 
the question would involve the elimina- 
tion of “omissions” and “intrusions,” so 
that only the possibility of correct or 
incorrect (which he equates to “gener- 
alized”) responses remain. ‘Therefore, 
any given response must either be correct 
or a generalized response. It is obvious 
that a perfect inverse relationship will 
hold between “intralist generalization” 
as measured in this way and frequency 
of correct responses, so that change in 
generalization with practice will be the 
mirror image of the curve of paired- 
associate learning. Intralist generaliza- 
tion thereby becomes nothing more than 
the absence of correct-response learning. 
Murdock (1958, p. 308) recognizes this 
point, but his failure to appreciate its 
implications is indicated by. his subse- 
quent consideration of “related studies,” 
which become largely irrelevant to the 
question as he has defined it. 

In addition, Murdock’s conclusion 
seems curious in view of his argument 
that intralist generalization cannot take 
place unless preceded by some correct 
response learning (1958, p. 306). This 
almost necessarily implies that such gen- 
eralization tendencies, when measured in 
terms of absolute strength, cannot be 
maximized on the first trial when 10 
learning of correct responses has yet 
taken place. If intralist generalization 
is of zero strength at the beginning of 
learning, and is ever to exceed this level, 
it obviously cannot be maximized at the 
start of paired-associate learning. 

What Murdock actually has done is to 
show (a) that paired-associate learning 
takes place (using an indirect measuring 
technique) and (b) that the shape of the 
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learning curve is monotonically increas- 
ing. “Intralist generalization” in this 
sort of formulation represents a kind of 
“waste-basket” concept with near 100% 
redundancy. As far as the course of 
change in absolute strength of intralist 
generalization with practice is con- 
cerned, the answer still awaits the devel- 
opment of a method for measuring this 
independently of the strength of correct 
responses, as is done in conditioning ex- 


339 


periments. Murdock’s analysis has no 
bearing on this issue. 
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A RE-EXAMINATION OF GENERALIZATION 


ELEANOR J. GIBSON 


Cornell University 1 


In his recent paper, Murdock (1958) 
argued that generalization in paired- 
associate learning started at a maximum 
and steadily decreased as learning pro- 
ceeded. There are two points I would 
like to make with respect to the issues 
which he discussed. One concerns his 
criterion of generalization in the paired- 
associate situation. The other concerns 
the definition of generalization as a psy- 
chological concept. 

First, what is the criterion of gener- 
alization? Murdock produces what he 
calls maximum generalization at the be- 
ginning of learning by telling his S to 
be indiscriminate, by forcing him to 
guess. Does one really want to admit 
as a case of generalization a response 
which S knows is wrong and wouldn't 
have made if he had been told to be as 
discriminating as possible? Permitting 
omissions and intrusions, Murdock says, 
introduces a systematic bias (p. 307). 
Does not the instruction forcing S to re- 
spond introduce the opposite bias toward 
indiscriminate response? 

Obviously, in paired-associate learn- 
ing, overtly measurable stimulus gener- 
alization must increase before it can 
decrease, since S has no response tend- 
encies available before the learning be- 
gins. Some learning must occur before 
S can say anything at all. If such tend- 
encies are artificially produced before 
learning starts by giving S a list of re- 
sponses and telling him to start by emit- 
ting any of them, right or wrong, the 
situation is naturally altered. These are 
the conditions proposed by Murdock, but 
they do not seem to be the right situa- 
tion for settling the question of whether 
generalization increases or decreases 
with learning. 


The multiple-response situation of 
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paired-associate learning is not the best 
place to study progressive trends in gen- 
eralization (though I certainly thought 
so 20 years ago). Murdock says, “If 
the chief purpose is to study generaliza- 
tion, the responses are merely a means 
to an end...” (p. 307). In that case, 
an identification experiment, with only 
the responses “same” or “different,” 
seems ideal. I used such a situation to 
study differentiation of forms in chil- 
dren (Gibson & Gibson, 1955), and, as 
it happened, generalization decreased 
steadily as practice continued. The S 
was shown a standard stimulus item, 
and his recognition of it was tested when 
it was interspersed in a series of items 
of varying degrees of similarity. The 
criterion of generalization was simply 
false recognition of the standard stimu- 
lus. The S was given every encourage- 
ment to be as discriminating as possible. 

Instead of arguing about criteria to 
be applied to a complicated verbal learn- 
ing siutation, which forces one to make 
predictions dependent on the conditions 
and rules accepted, it might be better to 
re-examine the concept of generalization. 
I would now say that stimulus generali- 
zation is simply the fact that a number 
of stimuli will elicit the same response. 
When such a group of stimuli is exam- 
ined, it is found that they are “alike” in 
one or more respects. These statements 
imply nothing about progression or a 
change toward differentiation. It is nec- 
essary, for that, to discuss some other 
aspects of the concept. 

Generalization, as many psychologists 
have pointed out,? is of two kinds. Pri- 
mary generalization occurs in the ab- 
sence of conceptualization in young ani- 
mals and in lower organisms, as well as 


? For example, Hull (1943), Schlosberg 
and Solomon (1943), Razran (1949), Wood- 
worth and Schlosberg (1954, p. 755 ff.), 
Brown (1958, p. 286 ff.). 
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in human adults. In my opinion, it is 
essentially an inability to discriminate 
among a group of stimulus objects. 
Members of such a group usually appear 
to the psychologist to be similar, but 
recognition of similarity actually implies 
the ability to discriminate. Stimulus 
equivalence exists, therefore, but not 
“perceived similarity” for the behaving 
organism. 

Primary generalization does not occur 
solely in learning situations. A bird 
which accepts china eggs instead of its 
own as objects to be incubated provides 
an example of primary generalization 
for an instinctive response. Different 
marks on a piece of paper are confused 
by a young child, although later he dif- 
ferentiates them as specific letters. It 
does not make sense to predict a rising 
curve of generalization as frequency of 
exposure to these marks on paper in- 
creases. A lack of specificity in the class 
of stimuli responded to in a discrete way 
is characteristic of an early stage of 
development. 

But secondary generalization occurs 
too, and very frequently in verbal learn- 
ing situations. It is a result of classi- 
fying or categorizing on the part of the 
organism—an activity in which similari- 
ties and differences are both operative. 
Synonyms, a kind of material often used 
for learning experiments, are examples 
of secondary or “mediated” generaliza- 
tion. This kind of generalization ob- 
viously increases with learning. For 
example, Riess (1946), after condition- 
ing an electrodermal response to a word, 
found a relative increase of generaliza- 
tion to synonyms from 7 years up, but 
a relative decrease of generalization to 
homophones. The younger children con- 
fused the word with its rhyme far more 
than with its synonym; but with age and 
greater knowledge of word meanings, the 
homophones were differentiated, while 
the synonyms acquired similarity by be- 
coming members of the same category. 
The point is that one kind of generaliza- 
tion decreases with age and learning, 
but the other kind increases. 

Where do nonsense syllables or non- 
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sense forms stand with respect to this 
distinction? The two kinds of generali- 
zation seem to be compounded in them. 
They are purposely made to be hard to 
discriminate. But they are made up of 
already discriminated elements. Many 
Ss report that they discriminate them by 
putting them into distinct categories 
(e.g., a friend’s initials for the nonsense 
syllable, or the image of a kite for the 
nonsense form). When several are 
placed in the same category, more con- 
fusion may result until a further separa- 
tion is achieved. Experiments on pre- 
differentiation attempt to get at this 
process by comparing the effectiveness 
of methods of producing differentiation 
(Arnoult, 1957). So far, no gencral 
conclusion can be drawn about the proc- 
ess. Perhaps the divergence of results 
is explained by the difference in stimuli 
employed (nonsense forms, syllables, 
fingerprints, lights with differing orien- 
tations, efc.). But these experiments 
have an advantage over paired-associate 
learning for studying the course of gen- 
eralization and discrimination, since the 
final criterion may be independent of 
learning a set of corect responses. Some 
more direct measure of differentiation, 
such as a same-different judgment, can 
be used; or a transfer criterion, which 
takes account of the role of the responses 
by the use of suitable control groups. 
To summarize, a definition of generali- 
zation need not depend on learning, 
though traditionally it did. It is sug- 
gested that a distinction be drawn be- 
tween primary generalization, defining it 
as inability to discriminate, and second- 
ary generalization which results from 
conceptualization or something simpler 
but analogous to it. Prediction of in- 
crease or decrease of generalization in 
any learning task would depend on the 
kind of generalization involved, as well 
as the criterion selected for measurement. 
Examination of experimental procedures 
is essential for useful criticism, but so 
also is clarification of basic psychological 
assumptions. bets 
Many problems about generalization 
remain unsolved. How the gradient of 
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generalization is related to the distinc- 
tions drawn above, and what explanatory 
“power,” if any, the concept retains are 
two of the issues to be considered. The 
author hopes to contribute further to a 
reformulation of the whole problem, and 
no doubt others will, too. 
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In a recent article, Murdock (1958) 
has questioned the usefulness of the prin- 
ciple that during the course of paired- 
associate learning, generalization first 
increases then decreases (Gibson, 1940). 
It is contended here that not only are 
there defects in Murdock’s approach to 
the problem, but the data which he pre- 
sents are largely irrelevant to the argu- 
ment. Since the logical and methodo- 
logical problems of Murdock’s approach 
have been adequately handled elsewhere 
(Battig, 1959; Gibson, 1959), this com- 
ment will be restricted to an analysis of 
some of the data presented by Murdock 
as a criticism of the principle of increas- 
ing and decreasing generalization. 

Murdock contends that data of paired- 
associate learning. purporting to show a 
noticeable increase in the frequency of 
intralist errors before these errors de- 
crease in frequency are equivocal. How- 
ever, it has never been clear to the 
present author why the amount of gen- 
eralization (or perhaps to use a less 
ambiguous term, the strength of interfer- 
ing responses due to generalization) and 
number of overt errors should be ex- 
pected to be perfectly correlated. The 
occurrence or monoccurrence of any 
error is governed by many factors other 
than the absolute strength of this inter- 
fering response or even the relative 
strength of the correct and interfering 
responses. Under ordinary conditions of 
learning, S is given a limited amount 
of time to respond to each stimulus in 
the list. The presence of a strong inter- 
fering response tendency is more often 
indicated by an omission or failure to 
tespond than the overt occurrence of a 
wrong response. It has been demon- 
Strated empirically in retroactive inhibi- 
tion and associative interference experi- 
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ments that the more sensitive index of 
amount of interference is provided by 
omissions (Underwood, 1945; Spiker & 
Holton, 1958). In fact, overt intrusions 
obtained in these experiments are not a 
monotonic increasing function of the de- 
gree of learning and, presumably the 
strength of directly interfering response 
tendencies at all. Since generalized re- 
sponses are essentially interfering re- 
sponses also, one might expect the same 
lack of corespondence between their 
strength and the number of overt errors 
in the case of intralist interference, as 
is obtained with directly competing re- 
sponses between lists. Thus, it is con- 
tended here that intralist errors may be 
an inadequate measure of generalization, 
both under the special experimental con- 
ditions specified by Murdock and in the 
more traditional kind of experiment with 
a fixed anticipation interval and no pre- 
vious response learning. 

Since the bulk of the data presented by 
Murdock concerns these overt errors, it 
is felt that it is irrelevant to the ques- 
tion, since the hypothesis concerning the 
course of generalization need not imply 
an increase and decrease in overt errors. 
This does not mean that omissions are 
a measure of the absolute strength of 
generalized responses. As Battig has 
pointed out, there is no way of measur- 
ing this interference directly. Unless a 
test of Gibson’s hypothesis can be made 
in some indirect fashion, the empirical 
solution to the problem of the course of 
the strength of generalization tendencies 
cannot be attained at present. 

Murdock has attempted an indirect 
solution by deducing from Gibson's hy- 
pothesis that some predifferentiation 
training (PD) will result in negative 
transfer if the PD is carried to the point 
where generalization is ata maximum. 
Just how he arrives at this prediction is 
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not clear. If generalization must in- 
crease before it decreases, then positive 
transfer should always result from any 
PD training. When PD training is car- 
ried to the point of maximum generali- 
zation before paired-associate learning is 
begun, generalization need only decrease 
from that point, whereas if no PD train- 
ing has been given, generalization must 
increase before it decreases. Thus, using 
trials to some criterion as a measure of 
transfer, any PD training should be 
beneficial. 

Murdock is not specific as to how 
negative transfer is to be measured, even 
though this is of primary importance. 
If PD training were to produce any evi- 
dence of increased interference, this 
would have to occur on the first few 
trials before generalization has begun to 
decrease. Then as generalization begins 
to decrease, the interference should dis- 
sipate; and comparing performance to 
that when no PD was given, facilitation 
should then result. Most of the data 
cited by Murdock, however, is not pre- 
sented by trials. Furthermore, most of 
the studies fail to control for nonspecific 
factors produced by PD training such as 
learning-to-learn and warm-up. In gen- 
eral, then, these data cannot be consid- 
ered a test of the hypothesis. 

One further point might be made. It 
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is not necessary to assume that PD train- 
ing results in an increase in generaliza- 
tion before there is a decrease. The 
increase in strength of generalization 
tendencies (strength of competing re- 
sponses) described by Gibson (1940) 
appears to be partially a result of the 
growth of response strength of the inter- 
fering response to its correct stimulus. 
It is this response strength which gen- 
eralizes to similar stimuli and produces a 
“generalization tendency.” The PD proc- 
ess need not involve a mechanism of 
this kind; hence, it could be monotoni- 
cally decreasing. It is felt that this is 
an empirical question, however, upon 
which there are no adequate data. 
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Whether generalization increases or 
decreases during paired-associate learn- 
ing obviously depends upon the definition 
of generalization and the conditions 
under which it is to be studied. In my 
previous article (Murdock, 1958) the 
definition of generalization referred to 
the absolute, not the relative, amount of 
generalization, and it was assumed that 
the amount of generalization would be 
measured by the number of generalized 
responses. Also, on the assumption that 
in the rote learning of nonsense syllables 
there is a minimum of conceptualization, 
I was referring to primary and not sec- 
ondary generalization. If it is agreed 
that in the conventional paired-associate 
learning task the generalization is pri- 
mary and not secondary, then it would 
appear that Gibson essentially agrees 
with the position previously stated; as 
she says, “It does not make sense to 
predict a rising curve of generaliza- 
Gon a eee 

However, no such agreement is evi- 
dent in respect to the appropriate condi- 
tions for paired-associate learning. The 
difficulty with the standard type of 
paired-associate learning task is that S 
must learn both the responses and the 
pairings, and from the data it is impos- 
sible to separate these two different 
processes. The solution that I suggested 
to this problem was to tell S in the in- 
structions what the responses are (or else 
use responses with which S is already 
familiar), then force him to respond from 
the first trial on. Forced-choice tech- 
niques are common in threshold studies 
and in psychological testing, and it has 
been shown (Adams, 1957) that there 
are situations in which S can respond 
with above-chance accuracy even though 
he reports complete lack of confidence 
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(i.e., that he is “merely guessing”). 
Prohibiting intrusions and omissions 
modifies the traditional paired-associate 
procedure, but the modification would 
seem to be in the direction of making 
the task simpler and easier to analyze. 
Whether these conditions are “appro- 
priate” or not clearly depends upon the 
purpose of the study, but as I tried to 
show by means of a logical analysis 
under these conditions generalization can 
only decrease with practice. 

To answer several specific points from 
the preceding articles: (a) Battig raises 
the question as to how generalization 
tendencies can be maximized on the first 
trial when no learning of correct re- 
sponses has taken place. The answer is 
that the responses should be specified in 
the instructions so S will have learned 
the responses prior to the first trial; then 
generalization will be maximal in the 
first trial. If you don't tell S what the 
responses are, you can’t even make any 
statements about generalization in the 
first few trials because S doesn’t know 
the responses, and you obviously can’t 
have generalization (overt errors) before 
there are responses to generalize. (b) 
Under the suggested conditions, gener- 
alized responses and correct responses 
are not so much redundant as comple- 
mentary (as, for instance, amount for- 
gotten and amount retained). I recog- 
nized this point in the original article 
(first new paragraph, p. 308), and this 
is why no new data was presented—it 
would have been redundant. (c) Run- 
quist points out that, in the traditional 
paired-associate procedure, amount of 
generalization and number of overt 
errors are not perfectly correlated. It 
was for exactly this reason that, in the 
section entitled “Related Studies,” I con- 
cluded that the studies were not conclu- 
sive. Although these studies are incon- 


clusive, it is a little hard to see how 
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they are “irrelevent.” (d) The transfer 
deduction was not intended as an indirect 
solution but rather as one way of testing 
the two opposing theories. It was sug- 
gested that, if generalization initially in- 
creased, negative transfer should result 
because at the start of the second task 
learning the “predifferentiated” list 
would in effect be at a higher level of 
intralist similarity than the control list. 
If the transfer were a function of changes 
in generalization and if changes in gen- 
eralization during the second task merely 
started where the first task left off, then 
Runquist would be correct; with most 
measures of transfer any PD training 
should lead to positive transfer. 
Finally, I would like to point out again 
that omissions and intrusions introduce 


a systematic bias and that some method 
(such as a forced-choice technique) must 
be used to circumvent this difficulty. 
When this is done, overt errors become 
an appropriate measure of primary gen- 
eralization, and under these conditions 
clearly generalization can only decrease 
with practice in paired-associate learn- 
ing. 
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ELECTROENCEPHALOGRAPHY ' 
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Although it is now well established 
that the brain does produce a great 
variety of electrical patterns, the oscil- 
lating potentials, such as the alpha 
rhythm, have been given particular 
prominence as examples of some spe- 
cial kind of electrical activity of neu- 
rons. The proposal has been enter- 
tained, for example, that brain waves 
may be produced by summation of 
action potential spikes. In 1948, Jasper 
suggested that these “waves” indicate 
spontaneous rhythmic fluctuations in 
the local excitability of groups of neu- 
rons in the cerebral cortex. He further 
suspected that there may be certain 
specialized cells in the cortex that 
produce these rhythmic oscillations in 
potential. In a later paper (Li, Mc- 
Lennan, & Jasper, 1952) it was clearly 
demonstrated by simultaneous record- 
ing that the action potential spikes of 
neuronal activity and the slower oscil- 
lations of “brain waves” were quite 
uncorrelated. The authors conclude, 
“Brain waves do seem to be phenom- 
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ena of a different order. The most 
plausible hypothesis is that they repre- 
sent synchronized oscillations in mem- 
brane potentials, possibly involving 
small interneurons and dendrites in 
the cortical matrix, oscillations which 
would have a definite effect upon neu- 
ronal excitability, but not dependent 
upon neuronal discharge” (p. 657). 

Lindsley (1952) has proposed that 
“alpha activity” of brain cells may go 
on without exhibiting a recordable 
alpha rhythm. He suggests that it is 
only when thousands of cells are re- 
sponding in a synchronized manner 
that a recordable alpha rhythm ap- 
pears. The process of synchronization 
or summation appears to be at the 
heart of theoretical speculation about 
the source and meaning of the normal 
EEG. It is the purpose of this paper 
to propose a model by means of which 
some aspects of synchronization may 
be understood. 

Since the publication of a paper on 
the anterior temporal rhythm (Ken- 
nedy, Gottsdanker, Armington, & Gray, 
1948) the author has been attempting 
to understand the nature of the normal 
electroencephalogram, in particular the 
mechanism for synchronizing electrical 
activity of the brain which would ac- 
count for the low frequency oscillations 
so commonly observed. In the course 
of these investigations, the possibility 
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of an “artifact,” produced by the phys- 
ical structure and suspension of the 
brain, has appeared as an hypothesis to 
account for at least some of the oscil- 
lating potentials recorded from the 
scalp. In brief, the hypothesis requires 
three statements about the living brain 
to be true. They are: (a) the living 
brain is a gel; (b) the living brain is 
at a different potential than skull and 
scalp and different parts are at dif- 
ferent potentials with respect to each 
other; (c) the brain is mechanically 
pulsed. With the publication in 1955 
of Bering’s “Choroid Plexus and Arte- 
rial Pulsation of Cerebrospinal Fluid— 
Demonstration of the Choroid Plex- 
uses as a Cerebrospinal Fluid Pump,” 
the last link in the chain of evidence 
has been made available. The hypo- 
thesis that emerges is at least simple 
and should be testable in a variety of 
ways. 


THe Move. 


The living brain may be described, 
from a gross structural point of view, 
as an encapsulated, hollow gel mass, 
supported by cerebrospinal fluid both 
internally and externally. Because it 
exists in the solid box of the skull and 
is pentrated by large and small blood 
vessels in great abundance, the internal 
pressure varies with the amount of fluid 
(blood, cerebrospinal fluid), the exis- 
tence of damping mechanisms (such as 


Unglazed ceramic 


Bimetoltic stria 


Fic. 1. Simple model of brain and skull. 
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the fontanel) and probably other phys 
ical controlling mechanisms. 

One may suppose that this gel mass, 
because of the continuous chemical 
activity of oxidation-reduction, is at a 
different potential than the rather inert 
skull and skin of the head. This 
seems to be a resonable assumption 
and is supported by Libet and Gerard's 
(1941) demonstration of anterior- 
posterior DC potential differences in 
the frog brain of as much as .5-2mv. 

We know that a charged body, mov- 
ing in relation to fixed electrodes, will 
produce a signal proportional to the 
magnitude of the potential difference 
between electrodes and source and the 
amplitude and direction of the motion. 
The use of the corneoretinal potential 
difference by Carmichael and Dear- 
born (1947) in recording the move- 
ments of the eyes in reading is an 
example of this kind of mechanism. 

The living brain may be described 
as a gel. In searching for a common 
substance of about the same coefficient 
of elasticity, our best approximation 
has been ordinary commercial gelatin. 
If one sets such a gel in an unglazed, 
ceramic vessel of about the thickness 
of the skull, a model of the gross 
physical properties of the brain and 
skull is obtained. Standard EEG elec- 
trodes may be fixed to the exterior 
surface of the vessel as shown in Fig. 1. 


al 


Fic. 2. Output of model compared with 
alpha rhythm using the repetition rate of 
the S’s EKG to drive the model. 
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Fic. 3. System for mechanical driving of gel. 


We produce a chemical reaction (with 
an accompanying electrical field) in the 
gel by plunging a bimetallic couple 
into it, as shown in Fig. 1. If this 
model is mechanically pulsed, trains of 
oscillations with a frequency of around 
10 cycles/sec. are recorded with stand- 
ard EEG instrumentation. Figure 2 
shows the output of the model com- 
pared with occipital alpha rhythm si- 
multaneously recorded. The mechan- 
ical drive for the model, in this case, 
was obtained by using the S’s own 
EKG to pulse the ceramic vessel, as 
illustrated in Fig. 3. 

Evidence of a source of internal 
mechanical pulsing of the brain gel is 
supplied by Bering’s investigation of 
the transfer of mechanical energy from 
the heart beat to cerebrospinal fluid 
via the choroid plexuses. It seems 
reasonable to suppose that the pump- 
ing action of the choroid plexuses may 
mechanically drive the surrounding 
brain tissue, particularly tissue that is 
relatively free to oscillate. The posi- 
tion, shape, and suspension of the 
occipital lobes makes them good candi- 
dates for the role of mechanical oscil- 
lators at the back of the head. The 
temporal lobes similarly would appear 
to provide a second source of oscilla- 
tion in the temporal region. It might 
be possible to account for the localiza- 
tion of the “alpha” rhythm and the 
anterior temporal rhythm (Kennedy 
et al., 1948) by reference to the posi- 
tion of these lobes of the brain. 


The frequency of the electrical sig- 
nals of mechanical oscillation in a gel 
is apparently a function of many vari- 
ables. The most important determiner 
seems to be the coefficient of elasticity 
of the gel. In our models, the tuned 
frequency varies with the “tightness” 
of the gel. As the gel melts after 
removal from refrigeratiom the tuned 
frequency of oscillation decreases from 
frequencies of 10-12 cycles/sec. to 
6-8 cycles/sec. as the gel becomes 
more liquid. Figure 4 presents a 
typical frequency amplitude graph ob- 
tained from a gel model pulsed by 
the apparatus shown in Fig. 3. As 
the repetition rate is increased from 
8 to 20 constant-amplitude mechanical 
pulses/sec., the response of the gel 
exhibits a rather sharp maximum at 
between 9 and 10 cycles/sec., with a 
second maximum around 18 cycles/sec., 
the first harmonic. The similarity of 
this plot to a frequency analysis of the 
EEG is quite striking. 


Relative amplitude 


8 9 10 Il 12 13 14 15 I6 I7 18 19 20 2I 
Square-wave pulse repetition rate, pulses/sec 


Fic. 4. Resonance of the gel model. 
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The second major determiner of 
frequency appears to be the mode or 
direction of oscillation of a gel mass. 
An irregularly shaped mass of gel will 
oscillate in a band of frequencies from 
9-12 cycles/sec., dependent upon which 
mode is active. 

Local differences in consistency of 
the gel will produce different fre- 
quencies. We have “localized” a round 
gum eraser embedded on the surface 
in a brain-sized gel mass by the “slow 
waves” produced in the near vicinity 
of the eraser. Apparently an object 
of different consistency than the gel 
will affect the mechanical properties in 
such a way as to produce a different 
local frequency of oscillation. 

Another important set of variables 
in the contyol of frequency appears to 
be the. force pattern and repetition rate 
of the mechanical drive. By varying 
the frequency and direction of the me- 
chanical pulse one may produce a 
variety of frequencies of the gel. One 
of the peculiar characteristics of the 
normal EEG is “spindling,” a periodic 
waxing and waning of amplitude. Al- 
though this appears to be a “beat” 
phenomenon, we have been able to 
produce beautiful, regular 10 cycle/sec. 
spindling by pulsing a gel model with 
a square-wave pulse at a repetition 
rate of 1.5 pulses/sec. 


TUNING AND DETUNING OF THE LOBES 


One of the controlling factors for 
the normal EEG is the effect of open- 
ing and closing the eyes on the pres- 
ence or absence of the alpha rhythm. 
Since blocking or disappearance of al- 
pha is associated with any sudden 
change in stimulus conditions, includ- 
ing opening the eyes, the blocking of 
alpha has often been related to the 
psychological state of “attention.” Ac- 
cording to the present hypothesis, the 
blocking of alpha could be produced 
by detuning the mechanical oscillator 
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or by change in the potential difference 
between parts of the brain. If we 
follow the mechanical hypothesis, a 
possible mechanism for producing such 
detuning is a change in the local blood 
supply to the occipital lobes, in the 
case of alpha rhythm, and to the tem- 
poral lobes, in the case of the anterior 
temporal rhythm. Darrow and Path- 
man (1943) have shown that cerebral 
constriction typically occurs in condi- 
tions favoring increased alpha poten- 
tial. Darrow, McCulloch, Green, Davis 
and Garol (1944) have also reported 
alternate blanching and reddening of 
the surface of the cat cortex with 
stimulation of the autonomic nervous 
system. One may suppose that “at- 
tending” results in engorgement of the 
brain with blood to detune the gel 
oscillators. In fact, Shepard (1906) 
has demonstrated on trephined Ss an 
immediate increase in brain volume 
following sudden stimulation. Shepard 
also observed an increase of brain 
volume when the S went to sleep, a 
fact that correlates well with the disap- 
pearance of alpha during sleep. 


A “CRUCIAL” EXPERIMENT 


The present hypothesis about the 
production of the oscillating potentials 
of the normal EEG, although simple, 
proposes that the normal EEG results 
from the interaction of many variables. 
Hence, a crucial experiment is some- 
what difficult to design. Direct me- 
asurement of mechanical brain oscilla- 
tion appears full of special measure- 
ment difficulties, Shepard’s (1906) 
experiments with trephined Ss have 
Suggested a way of testing the hypo- 
thesis without interfering with the 
system by measurement procedures. 

Because of failure to record the an- 
terior temporal rhythm (Kennedy et 
al., 1948) from more than 25 to 30% 
of Ss, we became interested in persons 
who, under normal conditions, do not 


N 


A POSSIBLE ARTIFACT IN ELECTROENCEPHALOGRAPHY 


have typical alpha rhythm either. Pos- 
sibly 5% of a group of normal Ss will 
have very poor alpha rhythm, even on 
repeated testing and a few show no 
alpha or anterior temporal rhythm at 
all. They seem to be perfectly normal 
people, but no brain waves! 

An adult male S with a skull open- 
ing, covered by skin, over the left ear 
was found. The opening is roughly 
circular, about an inch in diameter. 
The injury was received in an auto- 
mobile accident in his early youth. 
The opening is large enough to ex- 
hibit a visible pulse in the skin cover- 
ing. Many EEG records were taken 
on this S with the conclusion that he is 
one of the relatively rare people who 
do not exhibit the alpha rhythm. The 
experiment, then, was to determine, 
by restoring the intracranial pressure 
and pulse to their normal condition, 


Fic. 5. Discovery of alpha rhythm in a nonalpha S by rem 
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whether or not alpha would appear. 
Bering (1955) states, “The damping 
effect of the open fontanel is well dem- 
onstrated by the change in the shape of 
the wave [pluse wave] after the closure 
of the fontanel. In infants the pulse 
wave is rounded and without the ad- 
ditional peaks in the descending phase. 
When the fontanel closes and the skull 
becomes a relatively more solid box, 
the pulse wave becomes more sharply 
peaked and the peaks of the descending 
phase become prominent” (p. 169). 

A flat, rigid plastic plate was shaped 
to fit into the skull defect over the 
skin of the § described above. The 
plate was held in place under mild 
pressure with a head band so that the 
visible pulse just disappeared. Under 
these conditions, the S began to exhibit 
large bursts of normal 11 cycle/sec. 
alpha soon after closing his eyes. Eyes 
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open blocked the alpha, eyes closed 
produced it. No change in subjective 
state was reported by the S during 
the times alpha was present. Tests 
made with the plastic plate and head 
band removed before and after the 
critical tests were negative for the pres- 
ence of alpha in any similar amount. 


Figure 5 illustrates the difference in ` 


an eyes open-eyes closed cycle with 
the plastic plate in place and removed. 


SUMMARY 


A simple electromechanical theory 
for the production of the normal elec- 
troencephalogram has been outlined. 
The theory requires three sets of con- 
ditions in the brain: (a) an electrically- 
charged state, presumed to arise through 
chemical oxidation reduction reactions, 
(b) a gel mass, with a coefficient of 
elasticity approximated by commercial 
gelatin, and (c) a periodic mechanical 
pulse, to set the gel into oscillation at 
its resonant frequency. It is proposed 
that the interaction of these conditions 
in the skull may produce the oscillating 
potentials recorded from normal human 
Ss by standard electroencephalographic 
equipment. 

It is further proposed that “blocking” 
of the alpha rhythm may be produced 
by detuning the lobes of the brain 
through changes in blood supply via 
cortical vasoconstriction and dilation. 

The results of a “crucial” test of 
the theory are described. These re- 
sults appear to lend credence to the 
interpretation that alpha rhythm and 
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the anterior temporal rhythm may 
arise from mechanical oscillation of the 
gel of the living brain, not necessarily 
from synchronization of neural activity 
directly. 
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A MODEL OF HYPOTHESIS BEHAVIOR IN 
DISCRIMINATION LEARNING SET `+ 


MARVIN LEVINE? 


University of Wisconsin 


In discrimination learning, or learn- 
ing-set experiments, one typically 
measures the percentage of correct 
responses on a given trial (or block of 
trials, or, in learning set, on a block 
of problems) and ignores the changes 
in other systematic response patterns. 
An alternative approach was taken by 
Krechevsky (1932) who first meas- 
ured position preferences, position 
alternation, and light-going tenden- 
cies in the white rat in a discrimination 
problem. He described each tendency 
as a “hypothesis” (H), which may be 
defined as a specifiable pattern of 
response to a selected stimulus set. 
Harlow (1950) demonstrated other Hs 
by the monkey in the discrimination 
learning-set experiment, and Good- 
now and several co-workers (Good- 
now & Pettigrew, 1955; Goodnow & 
Postman, 1955; Goodnow, Shanks, 
Rubinstein, and Lubin, 1957) demon- 
strated patterns of response in humans. 

While these researchers have found 
that such analyses provide useful in- 
sights into the nature of the learning 
process, the methods of measurement 


1 This work was supported in part by 
Grant M-772, National Institutes of Health, 
and in part by funds received from the 
Graduate School of the University of Wis- 
consin, j 

This paper is a shortened version of a 
dissertation submitted to the Department of 
Psychology at the University of Wisconsin in 
partial fulfillment of the requirements for the 
Ph.D. degree. Copies of the expanded 
version may be had upon request. The 
author wishes to thank H. F. Harlow, L. B. 
Wyckoff, R. E. Bowman, and N. L. Guttman 
for the encouragement and stimulation they 
provided. 

2 Now at Indiana University. 


were selected for the specific demon- 
stration at hand. No comprehensive 
picture of H behavior was available 
to suggest the total set of Hs which 
existed, to insure a lack of confound- 
ing in the measurement of various Hs, 
and to show the proportion of be- 
havior under the control of each H. 
The purpose of this paper is to provide 
such a picture, to describe a mathe- 
matical model of H behavior which 
permits an analysis having the follow- 
ing characteristics: (2) The operation 
of a large number of Hs can be an- 
alyzed simultaneously. As many as 
nine will be so analyzed, although this 
number is by no means an upper limit. 
(b) The relative strength of each H, 
i.e., the proportion of responses con- 
trolled by each H, can be demon- 
strated at successive stages of the 
experiment. (c) The measure of a 
given H is uninfluenced by the pres- 
ence of other Hs. (d) The analysis 
is independent of the particular re- 
ward and stimulus sequences em- 
ployed. For example, the correct 
stimulus may be permitted to per- 
severate on one side for three consecu- 
tive trials, or not, or may alternate 
from side to side as frequently as it 
perseverates, or may not, etc. 

This model will be applied to the 
behavior of the rhesus monkey ina 
discrimination learning-set experiment 
in which each problem is presented 
for only three trials. The stimuli in 
this experiment consist of two objects 
per problem, response to one ob- 
ject producing a reward (a raisin or 
peanut), response to the other going 
unrewarded. Every three trials the 
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problem is changed by introducing 
two new objects, and several hundred 
problems are typically presented in 
this manner. A more detailed de- 
scription of the learning-set procedure 
is given by Harlow (1949). 

No analysis will be made in this 
paper of data beyond the third trial of 
any problem. The analysis may be 
applied to learning-set experiments 
utilizing longer problems simply by 
ignoring all trials past the third trial. 
The description of the behavior in 
such cases applies only to the first- 
three-trial sets. Attempts are cur- 
rently being made to generalize the 
model in a more satisfactory way. 
Work is now in progress, for example, 
extending the model to oddity learn- 
ing-set data in which each problem 
is presented for 12 trials and to single 
discrimination problems several hun- 
dred trials in length. 


ASSUMPTIONS AND DEFINITIONS 


The first assumption is that if an H 
is appearing, its occurrence will be 
manifested over all three trials of a 
given problem. Suppose, for example, 
that an S has a position preference on 
one problem. The only acceptable 
manifestation of this preference will 
be response to one position for the 
three trials. Response to this posi- 
tion for two out of the three trials 
will not serve as an instance of this H. 

The second assumption is that the 
stimuli determining a response go no 
further back than the immediately 
preceding trial. A  double-alterna- 
tion H, for example, will not be con- 
sidered, since the response on Trial n 
requires residual stimulation from the 
response on Trial n-2. 

Given these two restrictions, the 
definition of a few symbols will pro- 
vide sufficient background for describ- 

ing the set of Hs which are con- 
sidered in this paper. In any learn- 


ing-set experiment the Æ decides in 
advance the sequence of positions 
which the reward (and rewarded 
object) will take. The reward se- 
quence may go LLR on the first 
problem, RRR on the second problem, 
etc. He records the outcome for the 
three trials as ++-—, —+-, etc., 
and from the combination of L, R, and 
+, — sequences can deduce the S's 
responses. There are then three sets 
of symbols that are necessary : The re- 
ward sequences, the response sequences, 
and the outcome sequences. For 
any three-trial problem there are eight 
possible reward sequences. These 
may be paired into symmetrical 
pairs of (LLL, RRR), (LLR, RRL), 
(LRL, RLR); and (LRR, RLL). 
From the standpoint of the subse- 
quent analysis the pairs may be com- 
bined. That is, the important prop- 
erty is how the reward varies rather 
than the particular side on which it 
appears on a giyen trial. If the 
sequence goes LLL, the important fact 
is that the food was on one side for 
three trials. The additional fact that 
it was the left side is here irrelevant. 
This consideration reduces the reward 
sequences to four: AAA, AAB, ABA, 
and ABB, where A is defined as the 
location of the reward on the first 
trial, and B is defined as the other 
position. A similar combining ap- 
plies to the S’s responses. The four 
resulting response sequences will be 
symbolized by JII, IIO, IOI, IOO, 
where J is the position responded to 
on the first trial, and O is the other 
position. Whereas the reward and 
response sequences reduce to four, 
the +, — outcome sequences will not 
be combined so that all eight of these 
will be used. 

The manifestation of the Hs con- 
sidered in this paper may now be 
specified. These Hs, their general 
definition, and rationale for selection 
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are listed below. In parentheses, 
following the definition, is the mani- 
festation of the H as it appears in the 
raw data. 


1. Position Preference: consistent response 
to one position. This H has been frequently 
observed in monkey and in rat behavior (JIT). 

2. Position Alternation: alternating be- 
tween positions from trial to trial. While 
this H has been noted only rarely in the 
monkey, Gellermann (1933) felt that it might 
occur in sufficient degree to control for it. 
It is a common phenomenon in rats (TOT). 

3. Stimulus Preference: consistent re- 
sponse to one of the stimulus objects irrespec- 
tive of reinforcement. This too has been 
commonly found in the primate and other 
orders (+++ or ———). 

4. Stimulus Alternation: alternating be- 
tween stimuli from trial to trial. This, like 
its position analogue, is uncommon in the 
monkey. It has, however, been shown to 
occur in other orders (+— + or —+—). 

5. Win-stay-Lose-shift (with respect to 
position): repetition of a response to a posi- 
tion which has just been rewarded and alter- 
nating away from a position not rewarded. 
This type of H has been noted in human be- 
havior by Goodnow and Pettigrew (1955), 
and in monkey behavior by Harlow (1950) in 
a slightly different form under the name 
“differential cue” (I + I or I — 0). 

6. Lose-stay-Win-shift (with respect to 
position): repetition of a response to a posi- 
tion not rewarded on the preceding trial, and 
alternation away from a position just re- 
warded. This is the reverse of the H above, 
and would not be expected to occur except in 
Ss with special experimental histories. It was 
included in order to provide an H which one 
would expect to have zero strength (I — I 
or I + 0). $ 

7. (Problem-solution behavior): or Win- 
stay-Lose-shift (with respect to the object): 
repetition of a response to an object which has 
just been rewarded, and alternation away 
from an object not rewarded. This H yields 
maximum reward in the learning-set situa- 
tion, since correct responding begins on the 
second trial of the problem (+++, or 

8. (Problem-solution behavior)s: manifes- 
tation of the correct response on the third 
trial although not on the second trial. This 
H is required by the well-known fact that the 
correct response may suddenly appear on 
later trials (+— + or —— +). R 

9. Random Responding: this H, while it 
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has a single form of manifestation, may be 
produced in any one of three ways: (a) The 
determinants of a response may fluctuate 
nonsystematically from trial to trial, in which 
case all sequences would be expected to occur 
with approximately the same frequency. (b) 
The S may be systematically responding to 
stimulus changes which are unrecorded and 
which are randomly related to the position 
sequence of the rewarded object. In this 
case, again, all response sequences would have 
equal expected frequencies. (c) Under cer- 
tain special conditions Hs which have been 
ignored will contribute to this Random Re- 
sponding H without affecting the estimation 
of any other H. These conditions are de- 
scribed elsewhere (Levine, 1959). For now it 
is sufficient to note that the Random Re- 
sponding measure is conceptualized as an 
estimate of both nonsystematic responding 
and residual sequence strength. (This H 
is manifested in all sequences.) 


These nine Hs, their definitions, 
and manifestations are summarized 
in Table 1. In the last column of this 
table are the symbols which will be 
used to represent the probability of 
occurrence of an H or the proportion 
of problems showing the H in a set of 
data. For example, the result a=0.5 
means that Ss show Position Prefer- 
ence on 50% of the problems. The 
first goal of this paper is to demon- 
strate a technique for evaluating these 
probabilities. 

Two further assumptions will be 
useful in attaining this goal. The 
first is that the Hs are mutually ex- 
clusive. The occurrence on a single 
problem of the sequence +++ may 
mean, among other possibilities, that 
either Stimulus Preference or (Prob- 
lem-solution)2 has taken place, not 
both. In general, if a sequence may 
be attributed to two or more Hs and 
several instances of the sequence have 
occurred, different Hs may have been 
operating on different problems, but 
two Hs never combine on the same 
problem. The second assumption is 
that the above set of Hs includes all 
Hs whose probability is greater than 
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TABLE 1 


DEFINITION OF THE Hs EVALUATED IN THE PRESENT PAPER 


f 


Prob- 


H Definition Manifestation ability 
Symbol 
Position Preference Sequence of response to one IIT a 
side 
Position Alternation Alternating between positions | ZOI b 
on consecutive trials 
Stimulus Preference Sequence of responses to one +++ or —-—— c 
of the relevant stimuli 
Stimulus Alternation Alternating between the rele- | +—+ or — + -— d 


trials 
Win-stay-Lose-shift (pos.) 


Lose-stay-Win-shift (pos.) 

(Problem-solution): or Win- 
stay-Lose-shift (obj.) 

(Problem-solution); 


Random Responding 


vant stimuli on consecutive 


Response to the position re- 
warded on the preceding trial 
Response to the position not re- 
warded on the preceding trial 
Learning manifested on the 
second trial of a problem 
Learning first manifested on 
the third trial of a problem 
Responses uncorrelated with 
recorded stimulus changes 


| 
I+I+I or J+J—Oor| u 
I-0+0 or I—0-—I 
I+0+JorI+O-—Oor| v 
I-—I+0 or I—I—I 


Spe re =. ll + ps 
On — —-t- ps 
All sequences R 


zero. These two assumptions permit 
the following statement: 


a+b+c+d+u+uo 
+p2+ps+R=1.00 [1] 


THE EVALUATION OF THE 
H STRENGTHS 

The assumptions outlined above de- 
termine the relationship between a set 
of data and the probabilities of the Hs. 
Figure 1 shows a set of 32 cells, each 
one of which represents one of the 32 
possible sequences which can occur in 
a three-trial problem. The 32 cells 
are organized into two blocks of 16 
each, the block on the left containing 
those sequences with a first trial 
minus, the other containing those 
sequences with a first trial plus. 
The rewarded position sequences are 
on the rowsand the response sequences 

are on the columns. 
Any one sequence may be a mani- 
festation of some Hs and not of 


others. For example, A —1A — :Á —; 
may be interpreted as Position Prefer- 
ence, Stimulus Preference, Lose-stay- 
Win-shift (with respect to position), 
or Random Responding, but not as 
any of the other five Hs. If, when 
E presents AAA, any of the other 
five Hs should be occurring, then 
te cannot occur. In_ the 
A—,A— .A—s cell are listed the prob- 
ability symbols associated with the 
four possible Hs. In general, each 
cell contains the symbols for the Hs 
which may produce the indicated 
sequence. The only new symbol is r. 
This is used here instead of R to 
represent Random Responding, and 
is defined by r = R/4, The justifica- 
tion for this change of variable is that 
the Random Responding H enters 
into four times as many cells as any 
of the other Hs. If a = 1, for ex- 
ample, a's influence is felt in only 
eight cells whereas if R= 1 its 
influence is distributed over 32 cells. 
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RESPONSE SEQUENCE 
pe ae Sipe a he se lM reap ee 


Or > 


REWARD SEQUENCE 
20r 


Fic. 1. Thirty-two cells representing the 32 
trial problem. The symbols in each cell represent the 


response sequence. 


Its effect on any one cell would be 
1 the corresponding effect of any of 
the other Hs. 

In a three-trial-per-problem learn- 
ing-set experiment the data may be 
analyzed into the frequencies with 
which each of these 32 sequences 
occurs in a block of problems, and 
these frequencies may be used to 
estimate certain conditional probabili- 
ties. In particular, the probability 
of the outcomes on trials two and 
three given the reward sequence and 
the outcome on trial one may be 
estimated. For the A—1A—24d—s 
sequence, such a probability is sym- 
bolized as P(—2—3|4A—144), where 
the vertical line is defined as the word 
“given.” These probabilities may be 
obtained from the data by use of a 
few elementary probability theorems 
(Feller, 1950). To continue with the 


RESPONSE SEQUENCE 
Irr 120 Ter TOS 


possible sequences which can occur in a three- 


Hs which can produce the associated 


example selected, 


P(—2—s|A—1AA) 
a P(A—1A—:A—3) 
~ P(A—1AA) 
n(A—1A—2A—3) 
= aAA 
N 


where n(A—14 —24—s) andn(A—1AA) 
mean the number of times that 
A—1A—2A-; and A—,AA, respec- 
tively, have occurred, and N is the 
total number of problems presented. 
The statement may be simplified to 
yield 

P(—2—-3|A—144) 


= n(A—1A—24—2) [2] 


= n(A—1A4) 
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From the assumptions, it follows 
that on a certain proportion of the 
problems Position Preference may oc- 
cur, producing (—2—3;|A—,AA), ona 
certain proportion of the problems 
Stimulus Preference may occur, pro- 
ducing the same sequence, and so on, 
for the four Hs which can produce this 
sequence. Because the Hs are mu- 
tually exclusive the P(—2—;|A—1AA) 
is equal to the sum of the probabilities 
of each of the associated Hs, i.e., 


P(—2-3|A—1AA)=a+c+v+r [3]. 


From Equations 
follows that 


[2] and [3]it 


nl ,4—ga 
(A —Aa EA 


Now, n(A—,A —:A— +) is the fre- 
quency with which A—,A—.A-, 
has occurred in the experiment and 
n(A—,AA) may be obtained from 
the left-hand matrix of Fig. 1 as 
the row total of the row containing 
n(A—,A—2A—3). That is, 


n(A—1AA)=n(d—14—,A—,) 
+n(A—,A—2A+;) 
+n(A—1A+5A—;) 
+n(A—1A+,A+4;) 


The right side of [4] is, therefore, a 
number obtainable from the data, and 
Equation 4 is an equation in four 
unknowns. 

With nine unknowns to be evalu- 
ated, nine such equations are required 
for simultaneous solution. These 
equations may be obtained from any 
nine cells yielding nonparallel equa- 
tions. If the assumption is made that 
a given H has the same strength no 
matter in which cell it appears, then 
the solutions from the nine equations 
will give estimates of the nine 
H strengths for the block of problems 
considered. The first problem, then, 
that of evaluating the strengths of 


a+ce+o+r= 


the various Hs, has been solved. 
In general, the solution may be sum- 
marized by the following: 


Theorem: The probabilities associated with 
a set of m independently specifiable Hs may 
be obtained from the solution of m equations 
of the form 
tkt 

s (frequency of the ith sequence) 

~ (frequency of the corresponding row total) 


where (j+k+- - -); represents the sum of the 
probabilities of the Hs which may produce the 
ith sequence. 


A TEST OF THE MODEL 


It is now possible to apply the 
analysis to data from a learning-set 
experiment and to determine, for each 
block of problems, the relative strength 
of the Hs. Using the technique out- 
lined above, one could solve three sets 
of nine equations based on 27 different 
sequences and obtain three estimates 
of each H. If the 27 sequences were 
carefully selected, the remaining five 
sequences could contribute another 
estimate of five of the Hs. Averaging 
the estimates for each H would yield 
a mean estimate of each of the H prob- 
abilities based on all the data. There 
is, however, one important objection 
to this procedure: application of the 
method without some prior testing of 
the model would leave the validity of 
the estimates in question. Some in- 
dication is first required that the 
estimates are a product of the be- 
havior, and not simply of the mathe- 
matical machinery. 

The present section deals with such 
validation. The test consists in esti- 
mating the probabilities from some of 
the sequences and then in predicting, 
on the basis of these estimates, the 
frequencies with which each of the 
remaining sequences should occur. 
These frequencies may be predicted 
from Equation 4 once the H prob- 
abilities are known. This frequency 
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prediction was applied to four sets of 
data, with a slightly different treat- 
ment for each. Each of these sets 
will be discussed in turn. 

The first application was to the 
first block of three-trial-per-problem 
data from Levine, Levinson, and 
Harlow (in press). Eighteen se- 
quences were selected in order to 
have two estimates of each H. The 
criterion for selection of each sequence 
was that it be based on no more than 
three Hs. Both sequences based 
only on Random Responding (i.e., 
A+A +:A-—: and A+:ıB+:4—3), 
all eight sequences based only on two 
Hs, and eight of the sequences based 
on three Hs were selected. Averag- 
ing the solutions from the two sets of 
nine equations yielded : 


a=0.08, b=0.03, c=0.16, 
d=0.02, u=—0.02, v=—0.01, 
p:=0.20, p:=0.07, R=0.44 


A few interesting aspects of these 
results may be noted. First, the 
Lose-stay-Win-shift H was included 
with the prediction that v = 0, and a 
close estimate of zero was obtained. 
Second, b, d, u, and v all appear to be 
estimates of zero. This finding is not 
of special significance here, but will 
be referred to later because of its 
consistent emergence. Third, Equa- 
tion 1 was not used in obtaining 
these estimates and may serve as a 
prediction. The sum of the obtained 
estimates is 0.97. 

The values for these nine Hs were 
substituted into the equations for 
each of the remaining 14 sequences, 
and the predicted frequency for each 
sequence was obtained. The ob- 
served and predicted frequencies are 
plotted in Fig. 2 with each axis in 
the same units, so that perfect predic- 
tion would yield 14 points lying along 
the 45° line. It will be seen that the 
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Fic. 2. Sequence frequencies from Block I 
(Problems 1-96) of the Levine et al. experi- 
ment. 


points distribute themselves in reason- 
able fashion along this line. 

In order to quantitatively describe 
the accuracy of prediction, a statistic 
describing the proportion of variance 
explained (PVE) by the predicted 
frequencies was devised. This is 
given by: 

m Ton 
PVE oe [5] 
where o2 is the variance of the ob- 
served values, and so.p? is the vari- 
ance around the 45° line, i.e., Cen 


= >¥ (o — p)*/n. The symbols 0 and 
p represent the observed and pre- 
dicted frequencies, respectively, and 
n represents the number of points. 
For these data, PVE = 0.85. 

The second set of data to which this 
test was applied was from the first 
100 problems of a learning-set study 
by Harlow, Rueping, and Mason 
(in press). A new criterion was used 
in selecting the sequences for solution. 
The H probabilities were obtained 
primarily from sequences with a third 
trial minus, and predictions were made 
primarily for the sequences ending in 


w 
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Fic. 3. Sequence frequencies from Block I 
(Problems 1-100) of the Harlow et al. experi- 
ment. 


third trial plus. To accomplish this, 
it was convenient to use eight Hs, 
and so here it was assumed that v = 0. 
Twelve sequences ending in a third- 
trial minus, and two sequences with 
a third-trial plus (the two based only 
on p4 and r) were selected to solve for 
all Hs but p». _ This H was then ob- 
tained from [Equation 1. As a 
result, predictions could be made for 
14 third-trial-plus sequences, and four 
third-trial-minus sequences. These 18 
points are plotted in Fig. 3, where the 
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Fic. 4. Sequence frequencies from Block I 
(Problems 1-80) of Schrier’s experiment. 
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PVE = 0.84. The specific probabil- 
ity values are: 
a=0.13, b=0.00, c=0.19, 
d=—0.03, u=0.02, p2=0.13, 
p:=0.12, R=0.44 


Again 6, d, and u appear to be esti- 
mates of zero. This finding, along 
with the assumption that v = 0, re- 
peats the earlier finding. 

The test was next applied to the 
first block of problems from a study 
by Schrier (in press). The same 
method of selection used in the pre- 
ceding study was employed here in 
determining the sequences for solu- 
tion, i.e., as many third-trial-minus 
sequences as necessary, two third- 
trial-plus sequences and Equation 1 
were used. There was one minor 
difference, however. Schrier did not 
permit the reward to perseverate on 
one side for three consecutive trials. 
In this experiment, therefore, the top 
row of eight cells (see Fig: 1) does 
not exist, leaving only 24 sequences. 
In order to increase the number of 
sequences for which predictions could 
be made, it was assumed that b = 0, 
v=0. This permits prediction for 12 
sequences: 10 third-trial-plus and 2 
third-trial-minus sequences. The re- 
sults are shown in Fig. 4. Here the 


PVE = 0.91. The specific H prob- 
abilities are: a = 0.13, c = 0.07, 
d= 0.00, u = — 0.01, ps = 0.32, 


bs = 0.14, R = 0.36. Again, d and 
u are estimates of zero, and the as- 
sumption that b = 0, v = 0 did not 
serve to reduce the PVE. 

The PVE, in fact, is somewhat 
larger in this study than in the pre- 
ceding two sets of data. The differ- 
ence is not so great as to warrant 
extensive speculation, but it was also 
noted that in the Schrier data R was 
lower than in the preceding sets. A 
check on whether variance and Ran- 
dom Responding were related entailed 
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applying the analysis to another block 
of data, the last 100 problems of the 
learning-set study described above by 
Harlow etal. This block of problems 
was selected because it became known 
in subsequent work that its R value 
was 0.20. Precisely the same anal- 
ysis was applied as with the first 
100 problems for this group. The 
results are shown in Fig. 5. The 
resulting PVE was 0.91 which bears 
out the possibility of the relationship. 
More relevant to the present topic, it 
provides another confirmation of the 
applicability of the model by this 
test, and suggests, along with the 
finding that R decreases throughout 
an experiment (to be described in 
the next section), that the PVEs would 
have been even higher had the test 
been applied to last blocks rather than 
first blocks of problems. 


An ANALYSIS OF LEARNING-SET 
FUNCTIONS INTO H COMPONENTS 


Now that the model has been de- 
scribed and its correspondence to be- 
havior has been indicated, the anal- 
ysis may be applied to demonstrate 
its value in describing behavioral 
processes. Harlow, Rueping, and Ma- 
son (in press) have performed a 


PER CENT CORRECT 


Ja. 


361 


OBTAINED FREQUENCY 


56 Ta 50 oS 100 
PREDICTED FREQUENCY 


Fic. 5. Sequence frequencies from Block 
VI (Problems 501-600) of the Harlow et al. 
experiment. 


learning-set experiment with young 
rhesus monkeys in which they com- 
pared the effects of age upon the ac- 
quisition of learningset. Three groups 
of 10 Ss each received 600 problems 
starting at 60, 90, or 120 days. The 
learning-set functions showing per- 
centage correct on Trial 2 for blocks 
of 100 problems are plotted in Fig. 6. 
By ¢ test, the 60- and 90-day groups 
are not significantly different but the 
120-day group is significantly different 
from both of these. 
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The H analysis was applied to each 
block for each of the three groups, 
producing 18 separate analyses. Each 
analysis was based on all the nine Hs 
listed in Table 1. A detailed descrip- 
tion of the analysis is given elsewhere 
by the author (Levine, 1959). 

In the preceding section it was 
found either empirically or by assump- 
tion that b, d, u, and v could con- 
sistently. be regarded as having zero 
strength. It might be predicted that 
in the 18 blocks of problems consid- 
ered here these four Hs would yield 
72 estimates of zero. These 72 esti- 
mates ranged from —0.05 to +0.05. 
The mean wasat —0.002 with e =0.02. 
This finding further validates the 
model by confirming an expected 
finding, and simplifies the Harlow 
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et al. data by eliminating four of the 
Hs from consideration. 

The remaining Hs are plotted in 
Fig. 7. The p: and p; values have 
been added together to depict the 
number of problems manifesting a 
learning H, and are plotted in the 
upper left-hand quadrant. The differ- 
ences here reflect the differences seen 
in Fig. 6, that the 120-day group 
shows more problem-solution behavior 
throughout than the 60- and 90-day 
groups. 

Consideration of the remaining 
three Hs suggests some of the sources 
of these differences. The Position 
Preference H, plotted in the lower 
left-hand quadrant, is striking in 
that this H has the same strength for 
the three groups. Thus, the differ- 
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Fic. 7. Analysis of the three Harlow et al. groups. Each quadrant shows the percentage of 
problems in which the behavior was determined by the indicated H. 
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Conventional learning-set functions and synthesized learning-set functions for the 


Trial-2 data of the three Harlow et al. groups. 


ence in over-all performance between 
the 120-day and the 60- and 90-day 
groups is not attributable to this H. 
The basis for the difference between 
the learning-set functions may be 
seen in the right-hand side of Fig. 7. 
This difference is attributable specifi- 
cally to the differences in Stimulus 
Preference and Random Responding. 
In addition to providing more de- 
tail about the differences among the 
three groups, Fig. 7 shows the various 
behavioral processes which underlie 
the learning-set functions. Position 
Preference is again unique in that it 
does not decrease but has a constant 
strength at about 0.18. A comparison 
of this H with the other two nonsolu- 
tion Hs shows that Hs do not ex- 
tinguish simultaneously or at the same 
rate. Also, the p2+ ps plot shows 
the progress of learning “purified” 
of the other behavior patterns. It 
may well be, although this is clearly 
conjecture at present, that the formu- 
las describing these elementary proc- 
esses will have greater simplicity and 
universality than the formulations of 
what is here seen as a complex, com- 
posite function: the learning curve. 
Since it is clear that these processes 


underlie the learning-set function, 
it should be possible to synthesize this 
function by proper combination of 
the H values. Two classes of learn- 
ing-set functions may be considered. 
One is the class described in Fig. 6, 
percentage correct on Trial 2; the 
other is percentage correct on Trial 3. 
Percentage correct on Trial 2 may be 
synthesized from the following con- 
siderations: whenever (Problem-solu- 
tion)» occurs, the S is rewarded on 
Trial 2; when (Problem-solution) s oc- 
curs, the S is never rewarded on Trial 
2; and whenever any of the other Hs 
occurs, the S is rewarded half of the 
time on Trial two. Percentage correct 
on Trial 2 would then be estimated by 


% Correct 


= [p =t | 100 [6] 


The estimates for each block of prob- 
lems, as well as the conventional 
learning-set functions, are plotted in 
Fig. 8, where it will be seen that there 
is a good fit with two kinds of devia- 
tions. The first is that the syn- 
thesized values consistently under- 
estimate the conventional values by 
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about 2%; the other is that the 
synthesized curve tends to be a more 
regular learning function. For ex- 
ample, the strange decrements seen 
in the empirical functions for the 60- 
and 90-day groups are either elimi- 
nated or decreased. Whether either 
or both of these characteristics are 
reliable is, for the present, an empirical 
question. It has not been proved 
that they must appear. 

The trial-three learning-set func- 
tions may be synthesized by consider- 
ing that each time (Problem-solution) 
or (Problem-solution) occurs the S is 
rewarded on Trial three, and whenever 
any of the other Hs occurs the S is 
rewarded half the time. Percentage 
correct on Trial 3 would then be 
estimated by 
% Correct 


2 


= [oto eteco [7] 


The synthesized and conventional 
Trial-3  learning-set functions are 
plotted in Fig. 9, where it will be 
seen that the two functions are iden- 
tical. This identity does not have 


the status of a verified prediction 
since it has been demonstrated (Le- 
vine, 1959) that the operations em- 
ployed in obtaining the two sets of 
functions are virtually identical. 
However, the correspondence indi- 
cates that the assumptions of the 
model are reasonable in that they do 
lead to these operations. 


Discussion 


The model presented here has a few 
useful features. Primarily, it pro- 
vides a technique for evaluating the 
strengths of a variety of Hs. This 
method follows directly from certain 
relatively simple assumptions con- 
cerning the appearance of response 
patterns. Secondly, almost all of 
the variance of the frequencies of re- 
sponse sequences occurring in a block 
of problems may be explained by the 
model (Figs. 2-5). Then, evaluation 
of H strengths at successive stages of 
learning shows that Hs follow regular 
functions (Fig. 7). Finally, the con- 
ventional learning-set functions may 
be synthesized by appropriate com- 
bination of the Hs (Figs. 8-9). 
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While the data are, for the most 
part, in accord with predictions from 
the model, two intriguing systematic 
discrepancies are to be noted. The 
most obvious discrepancy is seen in 
Fig. 8 in which percentage correct on 
Trial 2 is always consistently under- 
estimated. The other is illustrated 
in Figs. 2-5 where the points typically 
organize themselves around a line 
whose slope is slightly larger than the 
45° line. Although insufficient an- 
alysis has been performed to deter- 
mine the source of these discrepancies, 
a promising lead is that the sequences 
—+— and ++— are occurring 
somewhat more frequently than would 
be predicted by the model. It may 
be shown that both discrepancies 
would follow if this were the case. 
These discrepancies may mean that 
some H has been overlooked or that 
some of the other assumptions require 
revision. 

Assuming that the model in its 
current form is approximately correct, 
it provides interesting implications for 
some current psychological problems. 
The central property of the model is 
that it takes as the dependent variable 
unit the H, defined as a pattern of 
responses to selected stimuli. The 
specification of a behavior pattern 
means that this pattern as a whole is 
susceptible to the traditional effects 
of reinforcement operations, i.e., it 
is possible to reinforce some Hs and 
extinguish others. Thus, one may 
reinforce Position Alternation, Stimu- 
lus Alternation, or various kinds of 
stay-shift combinations. This idea 
of the reinforcement of a response 
pattern has specific relevance for 
understanding the phenomenon of 
learning-to-learn as seen in the dis- 
crimination learning-set situation. 
Since Harlow’s (1949) demonstration 
that Ss show progressive improve- 
ment on Trial-2 performance in suc- 
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cessive problems the question of the 
nature of this improvement has pro- 
vided a challenge to theory. Two 
types of explanations have been pro- 
posed. The first, by Riopelle (1953) 
and Harlow and Hicks (1957), attri- 
butes the increasing interproblem 
transfer to the weakening of inter- 
fering response tendencies. Riopelle 
demonstrated that negative transfer 
from preceding problems decreased 
over problem blocks, and described 
the phenomenon as “transfer suppres- 
sion.” Harlow and Hicks described 
learning-set development as a “uni- 
process” which, they suggested, i 
an inhibition of incorrect behavidts. 
These’ interpretations omit the con- 
ception of reinforcement as directly 
strengthening any response. 

The second explanation, by Restle 
(1958), accepts the strengthening of a 
response via reinforcement during the 
experiment, but requires no assump- 
tion about the character of the re- 
sponse. Restle, rather, postulates a 
class of stimuli, “Type-a cues,” re- 
sponses to which are always rewarded, 
and which become conditioned to the 
correct response during the course of 
the learning-set experiment. 

The explanation of learning-set de- 
velopment suggested by the present 
paper is consonant with this aspect 
of Restle’s theory. The explanation 
results from assuming that the S is 
capable of responding in terms of Hs, 
and that Hs may be reinforced. One 
of the Hs, Win-stay-Lose-shift (with 
respect to the object), is the H which 
the E chooses to reinforce. There is 
nothing unique about this H. It has 
the same formal status as responses 
to one position or any of the other Hs. 
Learning-set development then is the 
gradual strengthening, via 100% rein- , 
forcement, of this H, and the gradual 
extinction, because of 50% reinforce- 
ment, of the other Hs. Thus, this 
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example of learning-to-learn is amen- 
able to treatment by any conven- 
tional reinforcement theory, so long 
as a pattern of response is taken as 
the dependent variable. Note that 
“Win” and “Lose” are analogous to 
Restle’s Type-a cues, and that the 
responses are staying and shifting 
(with respect to the object), respec- 
tively. 

The model provides description not 
only of the H which is reinforced but 
also of other Hs. An important em- 
pirical finding presented in this paper 
is that these Hs may not all extin- 
cul at the same rate. This finding 
creates a problem for current learning 
theories, which make no provision for 
several extinction processes. It is, 
of course, too soon to know how many 
different extinction processes must be 
postulated and to develop theories 
about the nature of the differences. 
The analysis described herein should 
make a contribution toward solving 
these problems. 
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There have been three main lines of 
approach to the problem of activation : 
(a) through electroencephalography and 
neurophysiology, (b) through physi- 
ological studies of “behavioral ener- 
getics,” and (c) through the learning 
theorists’ search for a satisfactory meas- 
ure of drive. Before attempting a 
formal definition of activation, I shall 
briefly describe these three different 
approaches to the concept. 

Neurophysiological approach: Linds- 
ley’s Activation Theory.* The neuro- 
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The main parts of this paper were pre- 
sented in a Symposium entitled, “Experi- 
mental Foundations of Clinical Psychol- 
ogy,” under the chairmanship of Arthur J. 
Bachrach, at the University of Virginia, 
April 1-2, 1959. To Tan P. Stevenson, who 
was the discussant of my paper on that 
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2I am using neuropsychology in a rather 
broad sense, meaning to include the work 
often referred to by the term “psychophysiol- 
ogy.” This usage implies that the chief 
problems being studied are psychological 
ones, and it also stresses the importance of 
neurophysiological techniques. It is true 


physiological approach to activation had 
its origin in electroencephalography 
(EEG). Early workers in the EEG 
field soon discovered that there were 
distinctive wave patterns characteriz- 
ing the main levels of psychological 
functioning in the progression from 
deep sleep to highly alerted states of 
activity (Jasper, 1941). In deep sleep 
large low-frequency waves predomi- 
nate. In light sleep and drowsy states 
the frequencies are not as low as in 
deep sleep, but there are more low- 
frequency waves than in the wakeful 
states. In relaxed wakefulness there 
is a predominance of waves in the alpha 
(8-12 c.p.s.) range that gives way to 
beta frequencies (approximately 18-30 
c.p.s.) when the S is moderately alert. 
Under highly alerting and exciting 
conditions beta waves predominate. In 
addition to the increased’ frequency of 
the waves under these conditions of 
heightened alertness there is also a 
change from a regular synchronized 
appearance of the tracing to an ir- 
regular desynchronized tracing, usually 
of reduced amplitude. 


that, strictly speaking, many of the physio- 
logical techniques in use are not neuro- 
physiological ones; yet our main interest 
lies in the central neural control of the 
physiological functions under study rather 
than in the peripheral events themselves. 

Later on in the paper I shall attempt a 
formal definition of activation. For the 
first section of the paper, I believe that it 
will be sufficient to say that in using the 
term “activation” I am referring to the 
intensive dimension of behavior. “Arousal” 
is often used interchangeably with activa- 
tion; and level of drive is a very similar 
concept. For instance, a drowsy S is low, 
an alert S is high in activation. 
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For Lindsiey's theory, desynchron- 
ization (called “activation pattern”) 
became the single most important EEG 
phenomenon, My use of the term 
“desynchronization” is purely descrip- 
tive. Desynchronization or “flattening” 
in the EEG tracing was consistently 
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times. Interpretation of these latter 


ically studied. In any event, these 
observations of deleterious effect from 
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high intensity stimulation are of con 
siderable interest because they are what 
might be expected according to the 
activation theory. 

The activation theory as first stated 
by Lindsley (1951)—although intro 
duced in the handbook chapter on 
emotion—was, from the outset, con 
ceived by him to be broader than an ex- 
planatory concept for emotional be 
havior. The theory was elaborated by 
Hebb (1955) in an attempt to solve 
the problem of drives. With the con- 
tinuous flow of new experimental data 
on the ARAS (Lindsley, 1957), this 
area of logical investiga 
tion appears to be heading toward an 
important breakthrough. I shall at- 
tempt to state very briefly the main 
points of the current theory, drawing 
upon the ideas of several authors. Ac- 
cording to this theory, the continuum 
extending from deep sleep at the low 
activation end to “excited states” * at 


tion beyond this point produces a fall 
in performance level, this fall being 


+ 
* The expression “excited states” is fre- 
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directly related to the amount of the 
increase in level of activation. 

Principles of neural action that 
could account for the reversal in the 
effects of nonspecific neural bombard- 
ment of the cortex by the ARAS have 
long been known (Lorente de Nô, 
1939, p. 428). Circulation of neural 
impulses in a closed chain of neurons 
(or “cell assembly” to use Hebb's 
[1949] term) may be facilitated by 
impulses arriving outside the chain 
(eg. from the ARAS). According to 
Lorente de N6é’'s schema, such extra- 
neous impulses have the effect of stim- 
ulating certain neurons subliminally 
thus making it possible for an impulse 
from within the chain to finish the 
job, that is make it fire at the ap- 
propriate time in the sequence, when 
alone, without the prior hit, it would 
have failed to fire it. 

Again, according to the same ac- 
count by Lorente de Nó (1939, p. 
428), the deleterious effects of over- 
stimulation from impulses outside the 
chain can be explained. A neuron in 
the chain may fail to respond to stim- 
ulation if owing to repeated activity 
it acquires a high threshold, and this 
failure to transmit the circulating im- 
pulses would mean cessation of activity 
in a cell assembly. I p this 
kind of explanation previously (1958) 
to account for the downturn in the 
inverted U curve as an alternative to 
Hebb’s suggestion that “the greater 
bombardment may interfere with the 
delicate adjustments involved in cue 
function, perhaps by facilitating ir- 
relevant responses (a high D arouses 
conflicting sHn's?)” (Hebb, 1955, p- 
250). ? 

It seems reasonable to suppose that 
as diffuse bombardment from the 
ARAS greatly exceeds an amount that 
is optimal for some simple 
logical function being mediated by a 
particular cell assembly, the operation 
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pressing 
periment by Finch (1938) 
that even such a simple response as the 
unconditioned salivary response yields 
the inverted U curve when plotted 
against activation level. 

It may be noted that according to 


Principle of activation growing out 
of work on behavioral intensity. Even 
before the EEG work on desynchron- 
ization, the behavioral evidence had 
suggested the existence of some brain 
mechanism like the ARAS. The 
writings of Duffy (1951, 1957), Free- 
man (1948), and eat ok 
getics” group have 
importance of an intensity dimension 
in behavior. 

In an attempt to obtain a measure 
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of this intensity variable, Duffy relied 
mainly on records of muscular tension 
(1932) while Freeman’s favorite indi- 
cator was palmar conductance (1948). 
These workers concluded from their 
experiments that there was a lawful 
relationship between a state of the 
organism, called “arousal,” “energy 
mobilization,” “activation,” or simply 
“intensity” and level of performance. 
Moreover they suggested that the re- 
lationship might be described by an 
inverted U curve( Duffy, 1957). This 
suggestion has proved heuristic as in- 
dicated by the current experimental 
attack on the inverted U hypothesis 
(Stennett, 1957a; Bindra, 1959; Cofer, 
1959; Kendler, 1959). 

The inverted U shaped curve has 
been shown to hold in numerous learn- 
ing and performance situations where 
the amount of induced muscle tension 
was varied systematically (Courts, 
1942). It is tempting to conclude that 
tension induction is simply one of the 
many ways to increase activation level, 
but as Courts’ (1942) discussion sug- 
gests this conclusion would be pre- 
mature. It is possible that squeezing 
on a dynamometer, a typical means of 
inducing tension in these experiments, 
may produce generalized activation ef- 
fects as some data from Freeman in- 
dicate (1948, p. 71). But Freeman's 
data are insufficient to establish this 
point, and there are alternative explana- 
tions for the relationship between the 
performance data and induced tension 
(Courts, 1942). By repeating the 
induced-tension experiments with si- 
multaneous recordings of EEG and 
other physiological functions it would 
be possible to determine how general 

the effects of inducing tension actually 
are, Such direct tests of the activation 
hypothesis are very much needed. 
Drive and activation. A third ap- 
proach to the activation principle was 


made by learning theorists, especially 
those of the Hull school. I have 
argued elsewhere (Malmo, 1958) that 
general drive (D), without the steer- 
ing component, became identical in 
principle with activation or arousal. 
Set aside for the moment the attractive 
possibility of using ARAS as a neural 
model for mediation of D, and consider 
only the methodological advantages of 
physiological measures in the quanti- 
fication of D. It seems that none of 
the other attempts to measure D have 
been really satisfactory, and that phys- 
iological indicants where applied have 
been surprisingly effective. Learning 
theorists up to the present time have 
made only very occasional use of phys- 
iological measures. For instance, in 
arguing that a previously painful stim- 
ulus had lost its drive properties, 
Brown (1955) cited the absence of 
physiological reaction when the stimu- 
lus was applied. More recently, Spence 
(1958) has reported some success with 
physiological measures in his studies 
of “‘emotionally-based” drive. 

In keeping with traditional views 
concerning the place of physiological 
measures in psychology, on those few 
occasions that they were employed at 
all they were applied to aversive or 
emotionally based drive. According to 
the activation principle, however, it 
should be possible to use physiological 
measures to gauge appetitionally based 
as well as aversively based drive. This 
means, for instance, that in a water 
deprivation experiment there should be 
close correspondence between number 
of hours of deprivation and physiolog- 
ical level. That is, heart rate, for 
example, should be higher in an animal 
performing in a Skinner box after 36 
hours of deprivation than after 24, 
higher still after 48 hours of depriva- 
tion and so on. In my Nebraska 
Symposium paper I stated that, as far 
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as I was aware, this kind of experi- 
ment had not been reported (Malmo, 
1958, p. 236). 

Bélanger and Feldman in Montreal 
have recently completed such an ex- 
periment, and, as can be seen by in- 
specting Fig. 1, the results were as pre- 
dicted by the activation hypothesis. 
Heart rate in rats showed progressive 
change corresponding with increasing 
hours of water deprivation. Although 
there were only seven rats in the group, 
this change in heart rate was highly 
significant. Deprivations were carried 
out serially on the same group of ani- 
mals, commencing at 12 hours and pro- 
ceeding to 24, 48 hours and so on with 
sufficient hydration (four to seven 
days) between deprivation periods to 
prevent any cumulative effects from 
affecting the experiments. Heart rate 
was picked up by means of wire elec- 
trodes inserted in the skin of the ani- 
mals and was amplified and registered 
graphically by means of a Sanborn elec- 
trocardiograph. Particular care was 
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Fic. 1. Data from Bélanger and Feldman 
showing relation between water deprivation 
and heart rate in rats (N =7). See text 
for explanation. 
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Fic. 2. Data from Bélanger and Feldman 
showing relation between water deprivation 
and Skinner box performance in rats (N = 
7). See text for explanation. 


taken to record heart rate under nearly 
the same conditions of stimulation each 
time, that is, when the animal was 
pressing on the lever in the Skinner 
box or during drinking from the dis- 
penser immediately after pressing. 
Under these conditions it was not 
possible to obtain sufficient heart-rate 
data at the 12-hour deprivation in- 
terval. Testing the animal under con- 
stant stimulating conditions is a very 
important methodological considera- 
tion. Some exploratory observations 
indicated that heart-rate measure- 
ments taken in a restraining compart- 
ment did not agree with those taken 
under the carefully controlled stimulus 
conditions provided by the Skinner 
box. I shall return to this finding 
later on because, aside from its meth- 
odological importance, I believe that 
it has considerable theoretical signifi- 
cance as well. 

Figure 2 presents the behavioral 
data which are again in remarkably 
good agreement with prediction from 
the activation hypothesis. Up to the 
48-hour deprivation interval there is 
an increasing monotonic relationship 
between number of bar presses and 
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hours of deprivation which is strictly 
in accordance with Hullian theory. 
The accompanying rise in heart rate 
suggests that for this part of the curve, 
hours of deprivation and the physio- 
logical indicant are roughly equivalent 
as measures of drive. But after the 
48-hour point on the curves, the com- 
bined heart rate and behavioral data 
support predictions previously made 
from activation theory (Malmo, 1958) 
and suggest that the Hullian position 
requires revision. This kind of down- 
ward turn in the response curve has 
usually been attributed to a physical 
weakening of the animal due to the 
deprivation of food or water. In the 
absence of physiological data such an 
assumption appeared reasonable in 
many cases, although it did not account 
for response decrement in certain ex- 
periments where physical weakening 
seemed to be ruled out (Finan, 1940; 
Freeman, 1940; Fuster, 1958; Kaplan, 
1952; Stennett, 1957a). Attack on this 
problem with physiological methods 
should soon provide a definitive an- 
swer concerning the main determinants 
of this response decrement. The pres- 
ent experiment represents an important 
first step in a program of animal studies 
that should go a long way towards 
solving this problem. It is not claimed 
that this one experiment demolishes 
the inanition hypothesis, but it does 
seem that the results are opposed to 
it. Heart rate in the Minnesota starva- 
tion experiments was found lowered 
in the weakened individuals (Malmo, 
1958, p. 252) whereas heart rate in 
the present experiment was markedly 
increased during the’ period when 
number of responses was declining. 
Moreover, Bélanger was careful to 
record the weights of the animals all 
through the experiments, and he ob- 
served only very slight changes in 
weight, even at the 72-hour depriva- 
tion interval. Again, it should be 
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stressed that all through the experi- 
ment the animals received four to 
seven days of hydration between con- 
ditions. Furthermore, it is interesting 
to note that the animals continued to 
press the bar at fairly regular intervals 
in the high deprivation conditions 
(with response decrement). That is, 
their behavior did not appear as though 
they had “given up.” The acts of 
pressing continued to occur regularly, 
only they were separated by longer 
temporal intervals than under more 
optimal conditions of deprivation. 

The increasing monotonic ¢urve for 
heart rate did not seem to be simply 
due to the physical conditions of exer- 
tion associated with the act of bar 
pressing. It is true that up to the 
peak of the performance curve in- 
creasing heart rate was accompanied 
by increasing frequency of bar pressing, 
but past this point, heart rate continued 
to show rise despite the decline in 
exertion due to bar pressing. One 
might conjecture that exercise may 
have had greater effect on heart rate 
under extreme deprivation, but this 
would be counterbalanced—to ` some 
extent, at least—by the reduced num- 
ber of presses. 

To control for possible serial effects 
in this experiment there were two 
checks. First, he obtained similar 
findings from a second group of rats 
in which the order of deprivation con- 
ditions was reversed, commencing with 
the 72-hour deprivation condition, and 
finishing with the 12-hour condition. 
Second, the group of rats that had 
the ascending order of deprivation in- 
tervals were tested one week after the 
end of the experiment under the 60- 
hour deprivation condition. Mean 
number of responses was 96.7 and 
mean heart rate was 458.9 beats per 
minute, thus providing good agreement 
with the results that were obtained in- 
the main experiment. 
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Finally, it is possible to speculate 
along various lines about how the heart 
rate data could be accounted for with- 
out involving the concept of activation. 
Obviously, further experimentation is 
needed, but it is encouraging nonethe- 
less that the first animal experimenta- 
tion specifically designed to explore 
the relation between appetitional drive 
and activation turned out according to 
prediction. 


CHARACTERISTICS OF ACTIVATION 


The three approaches described in 
the previous section appear to lead to 
the same fundamental concept of activa- 
tion. It will, of course, be difficult to 
state a precise definition of activation 
that will satisfy everyone. Neuro- 
physiologically oriented workers will 
maintain a healthy scepticism concern- 
ing the so-called “peripheral” indicants 
of activation.’ The “energetics” group 
while welcoming the extended use of 
what is essentially their own meth- 
odology will in company with some 
learning theorists look askance at theo- 
retical models that verge on neurologiz- 
ing. Despite differences in point of 
view, however, it seems worthwhile to 
attempt to deal with certain major 
characteristics of activation on which 
we may expect a large measure of 


agreement. 

Activation level a product of multiple 
factors. When a man is deprived of 
sleep for some 60 hours his activation 
level appears higher than it was before 
he had suffered sleep loss. Physio- 
logical indicants reveal an upward shift 
in activation level that is gradual 
and progressive throughout the vigil 
(Malmo, 1958). Having once demon- 
strated these physiological changes it 
is tempting to dispense with physiolog- 
ical recording in further work, assum- 
ing that 60 hours of deprivation will 


373 


invariably produce a heightened state 
of activation. Such an i 
however, cannot be made. An ex- 
ample will make clear why this as- 
sumption is untenable. A sleep-de- 
prived S requires constant stimulation 
to prevent him from going to sleep. It 
is a general finding in such studies that 
despite the best intentions of the $ 
to remain awake he will “catnap” if 
left alone. When he is working at a 
task trying to keep his efficiency from 
falling, the effect of major sleep loss 
is to produce a large increase in activa- 
tion level. "The important point to 
see here, however, is that the higher 
activation level is a combined product 
of the stimuli and their demands on 
him plus the condition of sleep loss. 
Without such stimulation, the S would 
surely fall asleep and we know from 
our studies of sleep that physiological 
levels drop very rapidly as one drifts 
into sleep. It is obvious, therefore, 
that in the absence of the task, physio- 
logical indicants at 60 hours’ depriva- 
tion would show lower, not higher, 
activation in comparison with the rested 
condition. 

That the “drive state” is in large 
part determined by environmental stim- 
ulating factors is indicated also by the 
observations of Bélanger and Feldman 
in their water deprivation experiments. 
Incidental observations suggested that, 
in addition to being more variable, 
heart rates recorded from the animal in 
a restraining compartment seemed to 
be consistently lower than those that 
were recorded when the animal was 
pressing the lever or drinking. In the 
restraining compartment the animal 
could view the lever through glass so 
that apparently mere sight of the lever 
was insufficient stimulation to produce 
the full effect upon heart rate that was 
produced by the acts of pressing on 
the lever and drinking. It thus ap- 
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peared that, with deprivation time ap- 
proximately the same, activation level 
differed appreciably depending upon 
the conditions of external stimulation. 
These observations were merely in- 
cidental ones in this experiment, and 
they should be repeated; but they 
encourage the point of view that acti- 
vation level is in large part a function 
of environmental stimulating condi- 
tions. The experiments of Campbell 
and Sheffield (1953) seem to point in 
the same direction. In the absence of 
sufficient environmental stimulation, 
food deprived rats are no more active 
than satiated ones, but with stimulation 
they are much more active than the 
satiated controls. 

Returning to the example of the 
water deprived rat in the Skinner box, 
the two major factors determining the 
level of activation in that situation are 
(a) the internal conditions produced 
by deprivation and (b) the environ- 
mental stimulating conditions. To re- 
state a point previously made, level of 
activation does not seem to be simply 
determined by the condition of de- 
privation alone. This would mean that 
depriving an animal of water per se 
could not produce some direct effect on 
motor mechanisms such as a simple 
discharge into the cardiac accelerating 
mechanism, leading to increased heart 
rate. Instead of some direct effect of 
this kind leading immediately over to 
some observable effector action, de- 
privation appears to have a sensitizing 
effect that is undetectable (or latent). 
According to this view, when appro- 
priate stimulation does occur, the pre- 
viously latent effect of deprivation will 
show itself in the heart rate: within 

limits, the longer the period of depriva- 
tion the higher the heart rate. Further- 
more, according to activation theory, 
the same central mechanism that in- 
creases heart rate also acts to increase 
bombardment of the cerebral cortex. 
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As previously stated, this central mech- 
anism is presumed to be the ARAS.* 

What could be the means of sensitiz- 
ing cells in the ARAS by a condition 
such as deprivation of water or food? 
If some hormone like epinephrine were 
released by deprivation, it is conceiv- 
able that this hormone could act to 
sensitize the ARAS cells in degree pro- 
portional to the amount of time that the 
animal had been deprived. As a mat- 
ter of fact, hormonal sensitization of 
neural mechanisms is a currently active 
area of research (Saffran, Schally, & 
Benfey, 1955; Dell, 1958). 

There are some real difficulties in 
defending the position that the ARAS 
is a unitary intensity-mediating mech- 
anism, because the ARAS does not 
appear to be a homogeneous anatom- 
ical system. Indeed, as Olszewski 
(1954) has shown, these central brain 
stem structures appear very complex 
and highly differentiated. This un- 
reassuring fact must not be forgotten, 
but neither should it be accepted as 
precluding the unitary function. As 
Lashley points out in the discussion 
of Olszewski’s paper, structural dif- 
ferences are not reliable indices of 
function when unsupported by other 
evidence. 

As a matter of fact, there is some 
important functional evidence which 
encourages the unitary view despite 
the structural complexity of the ARAS. 
Dell (1958) has found that: “Epi- 
nephrine does not activate selectively 
mammillothalamocingular systems, . . . 
but instead activates the ascending 
reticular system en masse, thus leading 
to a generalized cortical arousal” (p. 
370). Control experiments showed 


‘Tt is very likely that the descending 
reticular activating system is involved here 
too, but, at the present stage of knowledge 
in this field, it does not seem wise to in- 
troduce further complications into the neuro- 
psychological model. 
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that the activation effect was due to a 
direct action of the epinephrine at the 
reticular level and not to an effect on 
the cerebral cortex. Similar results 
have been obtained by Rothballer 
(1956). 

Another kind of difficulty for the 
quantitative view would be posed by 
showing that patterned discharge from 
the ARAS to the cortex (not merely 
total quantity of discharge) was the 
crucial factor in supporting some be- 
havioral action. Don’t the effector 
patterns of standing, walking, and 
righting pose just such a difficulty ? 
The relation of midbrain mechanisms 
to posture seems to be clearly one in 
which patterns of discharge from the 
midbrain are important. But the de- 
corticate mammal (guinea pig, rabbit, 
cat, dog) in which the cortex of both 
hemispheres has been removed shows 
approximately normal postural and 
progressional activities (Dusser de 
Barenne, 1934, p. 229). Since the 
activation concept under review deals 
with bombardment of the cerebral 
cortex, it appears that these non- 
cortically mediated response patterns 
fall outside of phenomena under pres- 
ent consideration. 

I should add, finally, that my ad- 
mittedly speculative suggestion con- 
cerning hormonal sensitization is by no 
means essential to the main point 
which is that the behavioral evidence 
clearly shows the effects of deprivation 
to be latent (i.e. unobservable) under 
certain conditions. Moreover, this 
stress placed on the latent effects of 
deprivation is not mere hairsplitting. 
In addition to being required for an 
explanation of the Montreal experi- 
ments, this concept of latent depriva- 
tion effects appears to account in large 
measure for the findings of Campbell 
and Sheffield (1953), and more gen- 
erally for the failure of random activity 
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to adequately serve as a measure of 
drive or activation (Malmo, 1958). 

Activation and the S-R framework. 
As the product of interaction between 
internal (perhaps hormonal) condi- 
tions and external stimulating ones, 
activation cannot be very reasonably 
classified as either stimulus or response. 
This means that the physiological 
measurements that are used to gauge 
level of activation do not fit very well 
into the S-R formula. It is perhaps 
useful to think of these physiological 
conditions as part of O in the S-O-R 
formula (Woodworth & Schlosberg, 
1954, p. 2). 

The momentary physiological re- 
action to a discrete stimulus like the 
sudden rise in palmar conductance ac- 
companying pin-prick is not of pri- 
mary concern to us in our study of 
activation. This kind of S-R reaction, 
important as it undoubtedly is for in- 
vestigating other problems, is of little 
relevance for the study of activation, 
compared with the longer lasting 
changes. As Schlosberg has put it to 
me in personal communication, in em- 
ploying skin conductance to gauge 
level of activation, one observes the 
“tides” and not the “ripples.” I do 
not mean to disparage studies that use 
physiological reactions as R terms in 
the strict S-R sense. It is just that 
in this paper I am concerned with 
physiological functions only insofar as 
they are related to activation. i 

It may be queried whether we are 
dealing with a needless and hair- 
splitting distinction by saying that acti- 
vation is not a response. However, 
the kind of difference I have in mind 
appears quite distinct and useful to 
keep in mind, though it should not be 
stressed unduly. Basically, it is the 
same distinction which Woodworth and 
Schlosberg (1956) make when they 
draw particular attention to the dif- 
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ference between slow and rapid changes 
in skin conductance. As examples of 
rapid changes in skin conductance, 
there are the “GSRs” as R terms in 
conditioned responses, and in free as- 
sociation tests. Examples of slow skin- 
conductance changes, on the other 
hand, are the gradual downward drifts 
that occur over hours during sleep 
(see Fig. 4), the slow downward 
changes in skin conductance in Ss as 
they become gradually habituated to an 
experimental situation (Davis, 1934; 
Duffy & Lacey, 1946), and (going up 
the activation scale) the progressive 
upward changes in conductance dur- 
ing a vigil (Malmo, 1958). 

I would not deny that there are 
stimuli and responses going on in the 
physiological systems, but at the pres- 
ent time I see no way of identifying 
and handling them. It should be added, 
however, that this does not give one 
license to completely disregard the 
antecedents of physiological changes. 
For instance, if the hand of a sleeping 
S becomes hot by being covered with 
heavy bedclothing the local thermal 
sweating induced thereby will bring 
about a sudden rise in palmar con- 
ductance which has nothing to do with 
activation, Or sleep may by induced 
by certain drugs which have a specific 
stimulating effect on respiration, such 
that respiration rate will not fall dur- 
ing sleep as it usually does (see F ig. 5 
for curve obtained under nondrug con- 
ditions). Furthermore, artifacts due 
to movement and postural shifts may 
prevent muscle potentials from serving 
as reliable indicants of activation level. 

Limitations of the activation concept. 
I am not attempting to solve the prob- 
lem of selection, i.e., the problem of 
finding the neurophysiological mech- 
anisms that determine which cues in 
the animal's environment are prepotent 
in the sense of winning out over other 
cues in triggering off a pattern of ef- 


fector action. This point seems clear 
enough, especially when it is stressed 
that activation has no steering func 
tion; and yet there is still the risk that 
some critics may misunderstand and 
state as one shortcoming of this theory 
that it does not adequately handle the 
problem of selection. The theory may 
be open to criticism on the grounds 
that it is limited, but it should not be 
criticized for failing to do something 
which it was not intended to do. 

It will be noted that in general an 
attempt is made to raise theoretical 
questions that stand a good chance of 
being answered by available experi- 
mental techniques. Schematically, the 
experimental paradigm is as follows: 


Activation 
level : Low Moderate High 
Expected perform- 
ance level : Low Optimal Low 


It is important to stress that the meas- 
ure denoted by “moderate activation 
level” has meaning only in relative 
(not in absolute) terms. That is, the 
level is “moderate” because it is higher 
than that of the low activation con- 
dition, and lower than the level of the 
high activation condition, Comparisons 
are invariably of the within-individual, 
within-task kind, which means that the 
level of activation which is found to 
be optimal for one task is not directly 
compared with the level of activation 
which is found to be optimal for a dif- 
ferent task. Thus, at the present stage 
of theorizing, no attempt is made to 
deal with the question of whether tasks 
which differ in complexity, for ex- 
ample, also differ with respect to the 
precise level of activation which is 
optimal for each one. However, I 
have dealt elsewhere (Malmo, 1958) 
with the related question of response 
competition, suggesting an alternative 
to the response competition explana- 
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tion for decrement in performance with 
increased activation (or D). 

Again, the theoretical formulations 
may be criticized for being too narrow. 
But it must be kept in mind that their 
narrowness is due to the close nexus 
between theory and experiment in this 
program. These formulations may also 
be criticized for an unjustifiable as- 
sumption in the postulation of a com- 
munal drive mechanism. One may 
well ask where the evidence is that 
proves the existence of a state of 
general drive. In dealing with this 
kind of question, it is essential to refer 
back to the outline of the experimental 
paradigm. The experimental induction 
of the three discriminable activation 
levels referred to in the outline de- 
pends upon the controlled variation of 
certain conditions in the S’s environ- 
ment, The fact that by varying con- 
ditions as dissimilar as appetitional 
deprivations and verbal incentives it 
is possible to produce similar shifts in 
physiological indicants provides a sound 
basis for introducing the operationally 
defined concept of activation level that 
cuts across traditional demarcation lines 
of specific drives. All this, of course, 
does not constitute final proof for a 
communal drive mechanism. Certainly 
further data are required before it is 
even safe to conclude equivalence of 
drive conditions in the alteration of 
physiological levels, to say nothing of 
proving the existence of a communal 
drive mechanism. 


INTERRELATIONS BETWEEN PHYSIO- 
LOGICAL INDICANTS OF ACTIVATION 
Criticism directed against physiolog- 
ical measures as indicants of activation 
usually involves one or both of the 
following points. The first objection 
is that intercorrelations between phys- 
iological measures are so low that it 
is unreasonable to consider their use 


for gauging a single dimension of be- 
havior. A second objection is that 
activation properly refers to events in 
the brain and that the correspondence 
between these central events and what 
may be observed in such peripheral 
functions as heart rate, respiration, 
muscle tension and the like is not close 
enough to permit valid inferences from 
the peripheral events to the central 
ones. In the following section, I shall 
attempt to answer these criticisms. 

Intra- and interindividual correla- 
tions among physiological indicants of 
activation. In an unpublished paper, 
Schnore and I have discussed certain 
misconceptions that have confused 
some critics of physiological methods. 
The most serious misunderstanding 
concerns correlations among physio- 
logical measures. It is true that inter- 
individual correlations are low, but this 
fact is actually irrelevant insofar as 
using these. measures to gauge activa- 
tion is concerned. The important 
question is whether significant intra- 
individual correlations are found in a 
sufficiently high proportion of indi- 
viduals, and the answer appears to be 
yes (Schnore, 1959). 

What the low interindividual cor- 
relations mean, of course, is that an in- 
dividual in any given situation may have 
a heart rate that is high relative to the 
mean heart rate for the group, and 
at the same time have a respiration 
rate or a blood pressure that is low 
relative to the group mean. These 
findings are in line with the principle 
of physiological specificity that is now 
supported by several lines of evidence.” 


5 The general principle of physiological 
specificity states that under significantly 
different conditions of stimulation individuals 
exhibit idiosyncratic but highly stereotyped 
patterns of autonomic and somatic activa- 
tion, I use the term physiological specificity 
as a generic reference to autonomic-re-° 
sponse stereotypy (Lacey & Lacey, 1958) 
to symptom specificity (Malmo & Shagass, 
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Physiological specificity is a separate 
problem that is in no way crucial for 
the activation hypothesis. An illustra- 
tion will make this clear. Take a rather 
extreme example of an individual with 
very high heart rate (say 95 when the 
mean for his group under specified 
conditions is 75) and very low palmar 
conductance (50 micromhos when the 
group mean is 100). In an experi- 
ment with varied incentive, in going 
from a low incentive to a high incentive 
condition this S will likely show an 
increase in heart rate from 95 to say 
110 and an increase in palmar con- 
ductance from 50 to say 60 micromhos. 
The main point is that even though the 
S’s heart rate is already high compared 
with the mean for his group, it goes still 
higher (concordantly with palmar con- 
ductance) when the stimulating situa- 
tion increases the level of activation. 
This is the kind of intraindividual cor- 
relation between physiological meas- 
ures ê that is required for gauging the 
dimension of activation and, to repeat, 
the evidence strongly indicates that the 
intraindividual correlations are suffi- 
ciently high for this purpose. 


RELATIONS BETWEEN CENTRAL AND 
PERIPHERAL INDICANTS OF 
ACTIVATION 


As previously noted, the pioneer 
EEG workers observed definite changes 
in EEG pattern accompanying major 
shifts in the conscious state of the S. 
Moreover, they recognized a continuum 


1949), and to stereotypy of somatic and 
autonomic activation patterns (Schnore, 
1959). 

6It is not claimed, however, that all 
physiological measures are equally useful 
for the purpose of gauging activation level 
On the contrary, as Schnore’s experiments 
have suggested, some measures appear supe- 
rior to others, and eventually we may be 
able to select the most discriminating ones 
and thus improve our measurement (Schnore, 
1959). 


of increasing activation usually re- 
ferred to as the sleep-waking-excite- 
ment continuum, just as other workers 
like Freeman (1948) and Duffy (1957) 
employing peripheral measures of pal- 
mar sweating and muscular tension 
recognized it. Among the early workers 
in this field, Darrow (1947) studied 
EEG and other measures simultane- 
ously, but only very recently have 
techniques been made available that 
can provide the kind of quantitative 
EEG measurements required for criti- 
cal comparisons along the activation 
continuum. That is, from simple in- 
spection of the raw EEG tracing it is 
possible to see gross differences be- 
tween sleeping and waking, or between 
a drowsy, relaxed state and one of 
extreme alertness. But for experi- 
ments on activation it is necessary to 
have an instrument that will reveal 
measureable differences for “points” 
lying closer to each other on the activa- 
tion continuum. For example, it is 
essential to have a measure that will 
discriminate reliably between a moder- 
ately alert and a highly alert state. 
For such discriminations the method 
of inspection will not do, and a device 
for objective quantification of the wave 
forms is required. 

Because of its complexity the EEG 
tracing has been difficult to quantify, 
and although gross differences in acti- 
vation level could be detected by simple 
inspection of the tracing, this method 
was too crude for more detailed work. 
However, with the advent of EEG 
frequency analysers, quantification of 
the. EEG looked promising because 
these analysers were designed to pro- 
vide quantified EEG data for each of 
many different narrow frequency bands. 
Unfortunately, these instruments have 
not proved useful because of insufficient 
stability. In our laboratory we have 
been trying band-pass filters to provide 
stable quantification of various selected 
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frequency bands in which we are pri- 
marily interested (Ross & Davis, 1958). 
Results thus far appear highly en- 
couraging. 

Data indicating relationships between 
EEG and other physiological functions. 
In a recent sleep deprivation experi- 
ment, we found that palmar conduct- 
ance and respiration showed progres- 
sive rise during the vigil, indicating 
increasing activation with deprivation 
of sleep. In the same experiment we 
recorded EEG and, by means of a 
band-pass filter, obtained a quantified 
write-out of frequencies from 8-12 
per second, in the alpha range. It will 
be recalled that the classical picture 
of activation is reduction in the amount 
of alpha activity. Therefore, what we 
might expect to find in this experiment 
is progressive decrease in the amount 
of alpha activity. As a matter of fact, 
this is exactly what was found (Malmo, 
1958, p. 237). 

As Stennett (1957b) has shown, 
however, the relationship between EEG 
alpha activity and other physiological 
variables is sometimes curvilinear. In 
the sleep deprivation experiments phys- 
iological measurements were taken 
under highly activating conditions and 
at this high end of the continuum fur- 
ther increase in activation seems in- 
variably to decrease the amount of 
alpha activity. But at the lower end 
of the continuum with the S in a 
drowsy state, increased activation has 
the opposite effect on alpha activity. 
An alerting stimulus, instead of pro- 
ducing a flattening of the EEG tracing, 
will actually produce an augmentation 
of the alpha activity. This has some- 
times been referred to as a “para- 
doxical” reaction, although it seems 
paradoxical only when it is assumed 
that the relation between activation 
level and alpha amplitude is a decreas- 
ing monotonic one throughout the 
entire activation continuum. But Sten- 


nett (1957b) has shown that the re- 
lationship is not monotonic. From 
his data he plotted a curve which has 
the shape of an inverted U. From this 
curve it would be predicted that with 
a drowsy S, stimulation should increase 
alpha amplitude. From the same in- 
verted U curve it would also be pre- 
dicted that an S whose activation level 
was sufficiently high (past the peak of 
the curve) before stimulation would 
show a decrease in alpha amplitude. 
Actually, some unpublished experi- 
ments on startle by Bartoshuk fit these 
predictions very well. 

Recent data indicate the usefulness 
of a 2-4 c.p.s. band-pass filter in ex- 
periments on sleep. The data in the 
figures that follow represent mean 
values from three men who slept all 
night in our laboratory after serving as 
Ss in our sleep deprivation experi- 
ments. 

Bipolar sponge electrodes, soaked in 
electrode jelly and attached to the S 
by Lastonet bands, were used for the 
parietal EEG placement (two thirds 
of the distance from nasion to inion, 
and 3 cm. from the midline on each 
side). The primary tracing was re- 
corded by an Edin Electroencephalo- 
graph, and the two secondary tracings 
were integrations of the EEG poten- 
tials that were passed through band- 
pass filters for selective amplification of 
signals in the 2-4 and 8-12 cp.s. fre- 
quency bands. Measurements on the 
secondary tracings were carried out 
with special rulers, and these measure- 
ments were converted to microvolt 
values by reference to calibration 
standards. 

Method of recording and measuring 
palmar conductance was similar to that 
described by Stennett (1957a). 

Electrocardiograms were picked up 
from electrodes placed on contralateral 
limbs, and heart rates were determined 
from measurements of electrocardiota- 
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chometric tracings. Respiration rates 
were obtained by means of a Phipps 
and Bird pneumograph. 

All three Ss slept well throughout 
the night (approximately from 10 p.m. 
to 9 a.m. after some 60 hours without 
sleep). Physiological recordings were 
carried out continuously during the 
whole period of sleep in each case, and 
except for occasional attention to elec- 
trodes (e.g. application of electrode 
jelly and saline to electrodes) the Ss 
were undisturbed. 

Four pairs of cellulose sponge elec- 
trodes were attached to the four limbs 
(to the pronator teres muscles of the 
arms and the peroneal muscles of the 
legs) for the purpose of recording 
muscle potentials. Primary muscle- 
potential tracings were recorded on the 
chart of a custom built Edin elec- 
tromyograph (EMG). Electronic in- 
tegrators (employing the condensor 
charge-discharge principle, like those 
used for the secondary EEG tracings), 
attached in parallel across the galvano- 
meters of this EMG unit, integrated 
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Fic. 3. Mean EEG values from three 
healthy young male Ss during a night's 
sleep. Subjects had been sleep-deprived. 
Band-pass filters were used in connection 
with electronic integrators to provide quan- 
titative data in the two different frequency 
bands. 
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Fic. 4. Mean palmar conductance values 
from the same Ss, at the same times during 
sleep as in Fig. 3. 


the muscle potentials over successive 
4-second periods. 

These muscle-potential tracings were 
used to record movements and periods 
of restlessness during sleep. Five- 
minute periods free from muscle- 
potential activity and preceded by at 
least 5 minutes of movement-free trac- 
ings were chosen for measurement in 
order to provide the values plotted in 
Fig. 3-5. The actual times plotted on 
the baseline represent the medians for 
the three Ss. In each instance the 
three times were close to one another. 

In Fig. 3 observe that following a 
brief rise early in sleep the upper curve 
for 2-4 c.p.s. falls continuously during 
the entire period of sleep. This curve 
is consistent with published accounts 
of changes in EEG during sleep noted 
by inspection of the raw tracings 
(Lindsley, 1957, p. 68). Early in sleep 
there is an increase in slow waves 
around 2—4 cycles per second, but as 
sleep continues these waves are re- 
placed by even slower ones. As far 
as I am aware, the data in Fig. 3 
represent the first use of a 2-4 band- 
pass filter to quantify the EEG. The 
curve for 8-12 c.p.s. EEG also shows 
some fall, and the voltage is low in 
accordance with the well-known dis- 
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appearance of alpha waves from the 
raw tracings during sleep. 

Figures 4 and 5 show data for pal- 
mar conductance, heart rate, and 
respiration, that were recorded at the 
same time as the EEG data. From 
the second plotted point on, there is 
rather close resemblance between these 
curves and the one for 2-4 c.p.s. EEG. 
It seems likely that a band-pass filter 
for fast frequencies in the beta range 
might yield a continuously falling curve 
commencing with drowsiness and con- 
tinuing through the onset and early 
stages of sleep. There are serious 
technical difficulties in quantifying the 
next step of frequencies above the alpha 
band, but we are hopeful that a band- 
pass filter that has recently been con- 
structed in our laboratory will over- 
come these difficulties. 

Direct alteration of ARAS activity 
by means of electrical stimulation and 
related animal experimentation. The 
most relevant experiment on direct 
stimulation of the ARAS is, as far as 
I know, the one by Fuster (1958) that 
was mentioned earlier. By stimulat- 
ing in the same part of the ARAS that 
produces the EEG picture of activa- 
tion, Fuster was able to produce im- 
proved discrimination performance in 
the monkey. Presumably, this effect 
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Fic. 5. Mean values for heart rate and 
respiration from the same Ss at the same 
times during sleep as in Fig. 3 and 4. 
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was achieved by causing a larger num 
ber of impulses from the ARAS to 
bombard the cortex. The assumption 
would be that before the onset of elec- 
trical stimulation the cortex was not 
receiving sufficient bombardment for 
optimal performance (Hebb, 1955) 
and that ARAS stimulation brought 
total bombardment in the cortex closer 
to the optimal value. The situation 
may not be as simple as this, but the 
success of the Fuster experiment en- 
courages further experimentation along 
these same lines. Finding that level of 
performance can be altered by electrical 
stimulation of the ARAS opens up the 
exciting possibility that if amount of 
neural activity in the ARAS can be 
measured, we might find a direct cor- 
relation between a central measure of 
activation and level of performance. 
For instance, the Bélanger and Feld- 
man experiment described earlier 
might. be repeated with the addition of 
recordings from the ARAS. The aim 
of such an experiment would be to 
determine whether the continuous rise 
in the heart rate curve with increasing 
deprivation times could be matched by 
a similar rise in amplitude of deflec- 
tions from recording in the ARAS 
with implanted electrodes. Recent 
neurophysiological experiments appear 
encouraging with respect to the feasi- 
bility of such an approach ( Li & Jas- 
per, 1953, pp. 124-125; Magoun, 1958, 


p. 68) 


EFFECTS oF INCREASED ACTIVATION 
on Locatizep SKELETAL-MUSCLE 
TENSION IN PSYCHIATRIC 
PATIENTS 
The implication of activation theory 
for various clinical phenomena might 
very well be the topic of a separate 
paper. Certainly there is not space 
to deal at length with the topic here. 
I have chosen, therefore, to present a 
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Fic. 6. Mean muscle tension from left 
thigh and right thigh from patient with 
complaint of tensional discomfort in the 
left thigh. Note that when patient was 
performing the tracking task under distrac- 
tion (loud noise), tension rose in the left 
thigh but not in the right. See text for 
explanation. 


few recent observations, chiefly in order 
to suggest how level of activation may 
be studied in relation to a clinical 
phenomenon. 

The graph in Fig. 6 illustrates what 
appears to be a general finding in 
patients complaining of tensional dis- 
comfort in a localized muscular site. 
The data for the curves plotted in the 
figure were obtained from a psychiatric 
patient, a 42-year old woman who com- 
plained of muscular discomfort local- 
ized in the left thigh. In the session 
when these data were taken electro- 
myograms (EMGs) were recorded 
from various muscles over the body ; 
those from the left and right thighs 
are shown in the figure. The patient 
was engaged in pursuit tracking using 
an apparatus similar to the one em- 
ployed by Surwillo (1955, 1956). 
Figure 6 shows that when a loud dis- 
tracting noise, of the kind described by 
Schnore (1959), was presented during 
tracking, the tension in the left thigh 
was very much higher than that of the 
right thigh. When tracking was car- 
ried out under distraction free con- 
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ditions this tensional difference between 
thighs was not observed. 

Interpretation of these data seems 
quite straightforward. When level of 
activation was increased by presenting 
a loud distracting noise the effect was 
shown entirely in one muscle group, 
the left thigh, which was the symptom 
area in this patient. Simultaneous 
recordings of tension from other parts 
of the body showed that the tension 
was specific to the left thigh and was 
not merely increased on the whole left 
side of the body. 

The specificity of the left thigh in 
indicating the higher activation is quite 
clear. Observe that tension in the 
thigh muscles on the opposite side of 
the body actually fell slightly under 
the activating condition. 

The same procedure was carried out 
with a second patient, a young girl of 
28, who complained of a distressing 
feeling of tightness in the neck on the 
right side. Results were similar to 
the ones obtained in the previous case, 
with activation again showing its ef- 
fect specifically in the symptom area. 
When the loud distracting noise was 
turned on during tracking, tension in 
this area showed marked increase 
whereas tension in the muscles on the 
left side of the neck showed no rise 
whatever. 

Very similar results were obtained 
from two additional patients whose 
areas of tensional discomfort were 
localized in still different parts of the 
body. One woman with complaint of 
tension on the left side of her neck 
served as a useful control for the pa- 
tient previously described with tension 
localized in the opposite side of the 
neck. No tracking experiment was car- 
ried out with this patient. Apparently 
the sight of the EMG recording room 
for the first time was itself sufficient to 
increase the amplitude of muscle poten- 
tials from the symptom area so that 
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they become appreciably higher than 
those on the opposite side of her neck. 
The other woman (fourth patient in 
this series) complained of tensional 
discomfort that appeared to originate 
in the left shoulder. EMGs were re- 
corded from the left and right shoulders 
of this patient while she lay in bed 
listening to the playback of a recorded 
interview. During the first part of the 
playback, tension was about the same 
on the two sides of the body. But 
when the topic concerning her dead 
sister commenced to come over the 
speaker, tension in the left shoulder 
became much greater than that in the 
right. 

As far as could be determined, the 
EMG data from all these patients 
were consistent in suggesting that for 
skeletal-muscle tension in patients with 
well-developed tensional symptoms, in- 
creasing the activation level up to a 
certain point has the effect of raising 
muscle tension in one localized muscle 
group, the one in which the patient 
complained of tensional discomfort. It 
was not necessary for the patient to 
actually feel the discomfort during 
the experimental session for this dif- 
ferential result to appear. I have been 
using the term “symptom area” to 
refer to the muscle group where the 
discomfort was localized when present. 

‘Interesting findings that appear to 
parallel those from the patients were 
obtained from three young male non- 
patient Ss in our recent investigation 
of sleep deprivation. As previously 
mentioned, evidence from EEG, pal- 
mar conductance, and respiration in- 
dicated that activation during track- 
ing increased progressively with hours 
of sleep deprivation. In addition to these 
other physiological tracings, EMGs 
from various areas over the body were 
also recorded. One muscle area, a 
different one for each S, showed signi- 
ficant rise in tension over the vigil. It 
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was the neck muscles in one S, the 
forehead in another, and the biceps 
muscle of the right arm in the third. 
In each case the one muscle showed 
statistically significant rise in tension, 
and in none of the Ss was there signifi- 
cant tensional rise in any other muscle. 
In fact, there was regularly progressive 
and very significant fall in the tension 
of the left forearm in all three Ss. As 
far as I know, none of the men actually 
complained of tensional discomfort in 
the areas showing rise in tension dur- 
ing the vigil. 

Where high level activation is long 
continued as in a vigil or in certain 
psychoneurotic patients, it appears that 
skeletal tension may become localized 
to a single muscle group. The dis- 
comfort associated with this tension 
in some patients can become extremely 
severe. It should be noted that in 
one-session experiments, where rise in 
activation was for relatively short in- 
tervals of time, tensional rise occurred 
in more than one muscle group (Sur- 
willo, 1956; Stennett, 1957a). 

Methodologically, these results are 
important because they reveal a dif- 
ference between EMGs and some other 
physiological measures with respect to 
gauging activation. Unlike heart rate 
or respiration rate that invariably 
yields one measure no matter how it 
is recorded, there are as many meas- 
ures of muscle tension as there are 
muscles that can be recorded from. It 
appears that when sufficient care is 
taken, EMGs may be very valuable 
in helping to gauge activation, but 
that considerable caution is required in 
the interpretation of results, and espe- 
cially in the interpretation of negative 
results. 

From the clinical point of view it 
seems an interesting speculation that 
the patient's localized muscle tension 
may itself actually increase the gen- 
eral activation level. (1 do not mean 
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the level of muscle tension all over the 
body.) Two main assumptions are in- 
volved in this suggestion. The first 
one is that the area of localized muscle 
tension in the patient acts like tension 
that is induced, for example, by having 
an S squeeze on a dynamometer. From 
the generalized effects of tension in- 
duction on learning and performance it 
is clear that the effects of increased 
muscle tension are quite general ones. 
Though crucial physiological data are 
missing in these experiments, as pre- 
viously mentioned, one very likely ex- 
planation of these results is that the 


assumption. Meyer 
and Noble (1958) found that induced 
tension interacted with “anxiety” in 
verbal-maze learning (“anxiety” meas- 


1953]), while Kuethe and Eriksen 
(1957) in a study of stereotypy like- 
wise reported a significant interaction 
between these .two variables when 
“anxiety” was experimentally produced 
by means of electric shocks. The MAS 
appears to select individuals who are 
significantly above the mean in activa- 
tion, and from the results of Schnore 
(1959) and Feldman (1958) it seems 
safe to conclude that anticipation of 
shock also leads to increased levels of 
physiological activity. In short, gen- 
eralizing from the induced tension ex- 
periments, it seems reasonable to sup- 
pose that a patient's muscular tension 
in a small focal area might have the 
general effect of increasing activation. 
Tf such is the case symptomatic treat- 
ment might have significant general as 
well as specific effects. Although based 
on only one patient, Yates’ (1958) 
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results from symptomatic treatment of 
tics seems encouraging with respect to 
the feasibility of research in this gen 
eral area. 


SUMMARY 


The neuropsychological dimension of 
activation may be briefly described as 
follows. The continuum extending 
from deep sleep at the low activation 
end to “excited” states at the high 
activation end is a function of the 
amount of cortical bombardment by the 
ARAS, such that the greater the cort- 
ical bombardment the higher the acti- 
vation. The shape of the curve relat- 
ing level of performance to level of 
activation is that of an inverted U: 
from low activation’ up to a point that 
is optimal for a given performance or 
function, level of performance rises 
monotonically with increasing activa- 
tion level; but past this optimal point 
the relation becomes nonmonotonic: 
further increase in activation beyond 
this point produces fall in performance 
level, this fall being directly related to 
the amount of the increase in level of 
activation. 

Long before the discovery of the 
ARAS the behavioral evidence of 
Duffy, Freeman, and others of the 
“energetics” group had suggested the 
existence of some such brain mech- 
anism. Moreover, learning theorists 
of the Hull school have in their concept 
of the general drive state come very 
close to the activation principle. Up 
to the present time they have em- 
ployed physiological measures only 
sparingly and have restricted their use 
to the aversive aspects of drive. But 
with evidence that such measures may 
also be applied to nonaversive (appeti- 
tional) drive, it seems likely that the 
present rather unsatisfactory measures 
of drive may eventually be replaced by 
physiological indicants, 

Activation has a number of main 
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characteristics that may be listed as 
follows: (a) Activation has no steering 
function in behavior, (6) It is con- 
siderably broader than emotion. (¢) 
Activation is not a state that can be 
inferred from knowledge of antecedent 
conditions alone, because it is the pro- 
duct of an interaction between internal 
conditions such as hunger or thirst, 
and external cues. (d) Activation does 
not fit very well into the S-R formula. 
It is a phenomenon of slow changes, 
of drifts in level with a time order of 
minutes (even hours) not of seconds 
or fractions thereof. (e) Activation 
is a quantifiable dimension and the 
evidence indicates that physiological 
measures show a sufficiently high in- 
traindividual concordance for quantify- 
ing this dimension, 

It is suggested that activation is 
mediated chiefly through the ARAS 
which seems, in the main, to be an 
intensity system. Neurophysiological 
findings strongly suggest that it may 
be possible to achieve more precise 
measurement of activation through a 
direct recording of discharge by the 
ARAS into the cerebral cortex. Re- 
search on this problem is urgently 
needed. 

The concept of activation appears to 
have wide application to phenomena 
in the field of clinical psychology. As 
one illustration, in this paper, activa- 
tion was applied to clinical phenomena 
of tensional symptoms. 
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One generalization that is now rather 
widely accepted in the field of percep- 
tion is that perceptual qualities are 
often determined by relational rather 
than by absolute characteristics of the 
stimulus. Of the many examples that 
could be given to illustrate the point 
we will restrict ourselves to two which 
have certain formal similarities to the 
problem we wish to discuss in this 
paper. 

The first example is concerned with 
the problem of neutral or achromatic 
color. One might ask, what is the 
stimulus for the experience of a given 
shade of gray? In the achromatic 
series it would seem there is no simple 
stimulus for neutral color correspond- 
ing to the role that wave length plays 
in accounting for chromatic color. In- 
tensity of stimulation is inadequate be- 
cause this changes with every change 
in illumination whereas the particular 
gray perceived remains constant. It 
is true that the albedo or reflectance 
property of an object is fixed (i.e. a 
white surface is one that reflects 
roughly 80% of the light it receives, 
a black, one that reflects roughly 5%), 
but this is a statement about the ex- 
ternal object. The problem remains 
of uncovering the invariant character- 
istic of the stimulus that makes pos- 


sible the invariant perceptual experi- 
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ence. Wallach’s (1948) solution of 
this problem was that the stimulus for 
a particular gray is the ratio of light 
intensities of neighboring retinal areas. 
He demonstrated that a given ratio of 
intensities (in an otherwise completely 
dark room) would always yield a given 
shade of gray. For example (Fig. 1) 
a disk of Intensity 5 (arbitrary units) 
surrounded by a ring of Intensity 10 
would appear light gray; so would a 
disk of Intensity 25 surrounded by a 
ring of Intensity 50. 

The second example is concerned - 
with the problem of perceived speed. 
One might speculate that the deter- 
minant of the experienced velocity of 
an object is the rate at which its 
image traverses the retina. J. F. 
Brown (1931) has shown, however, 
that velocity depends not so much on 
absolute rate of displacement of an 
image on the retina as on the rate of 
displacement relative to a frame of 
reference. He presented his observers 
with two equidistant fields of dots 
(Fig. 2) moving behind apertures in 
an otherwise darkened room, the linear 
dimensions of one field being trans- 
posed by a given multiple of the other. 
He found that the dots in one field 
would appear to be moving at ap- 
proximately the same speed as those 
in the other, not when they moved at 
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Figure 2 


the same absolute speed, but when they 
traversed their respective apertures at 
the same relative rate. Thus, for ex- 
ample, when the dimensions of fields 
were transposed in the ratio of 2:1, 
equal phenomenal speed resulted only 
when the objective speed was also 
transposed by approximately 2:1. The 
same effect: occurred, with some de- 
parture, for other ratios of transposition. 

The question arises whether such re- 
lational determination may not also 
exist for phenomenal size. That is to 
say, it is possible that the stimulus 
correlate for an object’s experienced 
size is not so much the absolute size of 
its image as it is the size of its image 
relative to the image size of a neighbor- 
ing object (which may then serve as 
frame of reference). Certainly the 
absolute size of the image cannot fully 
account for phenomenal size since it 
changes with changes in the object’s 
distance while the phenomenal size 
remains more or less constant. 

To test the relational hypothesis it 
is necessary to show that size does 
depend on such stimulus relationships, 
i.e. that two retinal extents will give 
rise to approximately equal phenomenal 
sizes when these extents are in the 
same ratio to other components of their 
respective retinal patterns, The design 
called for is one in which the observer 
is confronted with two stimlus con- 
figurations, each consisting of two 
elements. In one configuration, the 
standard, the two elements remain 
fixed in size. In the other, the absolute 
size of one member is considerably 
different from that of the correspond- 
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ing member of the first configuration 
and the second member is to be equated 
in size with the second member of the 
first configuration. The two configura- 
tions should be equidistant from the 
observer. In Fig. 3, for example, Rec- 
tangle B is three times larger than 
Rectangle A and Variable Line B is to 
be equated with Standard Line A. The 
prediction would then be that the vari- 
able line would have to be set to a 
length three times the size of the 
standard in order for the observer to 
see them as equal if the effect is com- 
plete or at least considerably larger 
than the standard if it is present but 
not complete. Experiments somewhat 
along this line have been performed 
in the past but not for the theoretical 
reasons here outlined (Künnapas, 1955; 
Obonai, 1954). They were performed 
to determine whether context would 
have an effect on size (in the sense of 
an. optical illusion) ; only a very slight 
effect was obtained (of the order of 
about 5 to 10% difference in the size of 
the lines) (Kiinnapas, 1955). But there 
was a major reason why such experi- 
ments could not be expected to show a 
strong effect in terms of the thesis out- 
lined above: they were done in full 
illumination. Under these conditions, 
each rectangle or frame of reference is 
seen within a common frame of ref- 
erence (e.g. one wall of the room) as 
illustrated schematically in Fig. 4. In 
relation to the outermost common 
frame of reference, the two lines would 
only look equal when they were ob- 
jectively equal and this would operate 
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to oppose the expected effect. Hence 
the experiments to be described were 
performed with luminous objects in 
total darkness just as was the case in 
the Wallach and Brown experiments 
discussed above. To eliminate a direct 
effect of the two configurations on one 
another it was also necessary to sepa- 
rate them in space. 


Experiments 1A, B, and C 


Procedure. Ten college students (five 
male and five female) took part in Experi- 
ment 1A. The S was led with eyes closed 
into a completely darkened room and seated 
exactly midway and at a distance of 5 ft. 
from each of two luminous rectangles having 
a %4-in. luminous contour. He had to turn 
around 180° to look from one field to the 
other. The dimensions of these rectangles 
were 2X4 in. for the standard which ap- 
peared on the S's left and 6 X 12 in. for the 
variable on his right. The smaller dimen- 
sion in each rectangle served as the base. 
Each rectangle contained a luminous line 
starting at the base and running up the 
center, 

The rectangles were produced by the 
application of luminous paint on black card- 
board. In order to compare lengths it was 
necessary to have a line of variable length 
in one of the rectangles. This was achieved 
by cutting a 2 in. wide vertical slit through 
the center of the rectangle running from 
the base to the top of the luminous contour. 
Behind this slit was placed a strip of black 
cardboard upon which was painted a lumin- 
ous line of desired width. This strip was 
then fitted with a track such that it could 
be moved manually, either up or down be- 
hind the luminous contour. A permanent 
scale of % in, intervals was placed along- 
side the vertical slit thus enabling the S's 
settings to be read off directly. 

In experiments where an artificial pupil 
was used, 8-watt ultraviolet bulbs were 
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cause the artificial pupil severely 
amount of light from the rectangles 
the eye. Where an artificial pupil was 

be 
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used the ultraviolet bulbs could not 

ployed because the white light which 
emitted would have made other 
visible under these conditions of 
In such experiments, therefore, the 
tangles were illuminated periodical 
lamp to maintain the necessary 
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variable length on his right with a standard 
luminous line of 3 in, length on his left when 
the rectangles were not yet visible. In this 
condition both lines were of equal width. 
In Part II the S's task was again to equate 
a variable luminous line on his right with 
a 3 in. standard on his left. In this con- 
dition, however, the lines were 

within two luminous rectangular 

of the dimension given above, such that the 
rectangles were transposed in all linear 
dimensions in the ratio of 3:1. In order 
to make transposition complete, the vari- 
able line was also to three times 
the width of the standard line. All Ss 
were given one ascending and one 
scending trial using the method of limits. 
In both parts the descending trial was given 
with the starting position of the variable 
at 12 in. The S viewed the scene binoc- 


You may now open your eyes. lf 
you look to your left and then to your 
right you will find a luminous line in 
each direction. I can adjust the rod on 
the right so that it changes its length. 
I want you to look to the right and tell me 
when it has the same length as the rod 
on the left. You may look back and 
forth as often as you like. It is im- 
portant that you do not try to figure out 
the lengths, but try to report your 
spontaneous impressions. It is equally 
important that when you have completed 
your match, the lines look to you to be 
equal in length with respect to each other. 
At the beginning of Part II, S was in- 

structed as follows: “In this part of the 
experiment your task is exactly the same 
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as before” and the above instructions were 
repeated with the following addition to the 
last sentence . . . “and not necessarily with 
respect to the frames.” 

Thus the instructions were formulated in 
such a way as to make sure that the task 
was clear—that S$ could not believe he was 
supposed to make a relational match. 

Unless otherwise specified the procedure 
for all subsequent experiments followed the 
outline reported above. 

By way of supplementing these data, 
several other experiments were performed 
under only slightly different conditions. 
Experiment 1B was identical with 1A except 
that prior to the matching of the lines alone 
the Ss were required to match the rectangles 
alone (described below as Experiment 5A). 
Also, the observations were made monoc- 
ularly, through an artificial pupil. Fourteen 
Ss were used. Experiment 1C was also 
identical except that it was preceded by a 
slightly different task involving the matching 
of the apparent distances of the two rec- 
tangles. An additional 10 Ss participated in 
this variation. In these two experiments 
the last line of the instructions (“and not 
necessarily with respect to the frames”) 
given in Part II of Experiment 1A was 
deleted but care was taken to ensure that 
the Ss understood the task. If E had any 
doubt, he questioned S. 


Results. The first three rows of 
Table 1 summarize the results of these 
experiments. The next to the last 
column gives the ratio of the average 
adjustment in Part II to the 3 in. 
standard. 

In Part I a 3 in. standard was 
matched on the average with a variable 
length of 3.1 in. (SD =.18) in Ex- 
periment 1A, with 3.2 in. (SD = .17) 
in 1B and with 2.9 in. (SD = 65) in 
1C. Whereas the identical line length 
was matched in Part II to an average 
length of 6.0 in. (SD = 1.5), 6.6 in. 
(SD = 2.0), and 6.8 in. (SD = 1.7) 
for Experiments 1A, B, and C. 

These experiments indicate that 
under conditions where it is perfectly 

feasible to perceive lengths accurately 
on the basis of their actual size, the 
presence of the surrounding rectangles 
yields a very strong relational effect. 
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The average variable setting is well 
over twice as long as the standard. 


Experiment 2 


In this experiment the order of Parts 
I and II was reversed. Although there 
can be no question that the Ss under- 
stood the instructions, the variable line 
in the large rectangle was now ad- 
justed, on the average, to 7.2 in. (SD 
= 1.2) (N=9). Without the rec- 
tangles present the variable line was set 
on the average at 3.7 in. (SD = .66). 
This setting is at a distance of ap- 
proximately three times the standard 
error of the mean from 3.0 and thus 
reveals a very interesting after-effect 
of the adjustment in Part I. When 
the rectangles were present the image 
of the variable line was objectively 
larger than that of the standard when 
the lines appeared equal, and ap- 
parently as a result there was some 
tendency to continue in this direction 
even when the frames of reference 
were absent. This finding suggests 
that a reverse effect may have occurred 
in the several variations of Experi- 
ment 1, namely, an aftereffect of ab- 
solutely equal image sizes operating to 
oppose the transposition effect. From 
this point of view, one might argue 
that the results of Experiment 2 should 
be given added weight as perhaps the 
least biased measure of the effect under 
investigation (hence in all subsequent 
experiments Part II was given first). 
Using the 3 in. standard as a base, the 
average variable setting yields a ratio 
of 2.4. In other words the Ss experi- 
ence the two lines as equal when one 
is objectively 2.4 times larger than the 
other. 


Experiment 3 


There is one minor flaw in the ex- 
periments described above. It will be 
recalled that the variable line was itself 
transposed, such that its width was 
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TABLE 1 
SETTINGS IN INCHES IN EXPERIMENTS 1-4 
(Standard = 3 in.)* 
Without | With 
Experiment Condition ae | rz vent / N 
| BITER Sa Standard 
M SD M SD 
1A 15 min. adaptation ; binocular 
vision 3.1 18 6.0 1.5 2.0 10 
1B Prior task; artificial pupil 3.2 17 6.6 2.0 2.2 14 
1C Prior task; artificial pupil 2.9 65 6.8 1.7 2.3 10 
(N =6)> 
2 Order reversed; binocular 
vision 3.7 66 7.2 1.2 2.4 9 
3 Width of line varied; binoc- 
ular vision | 6.7 1.6 2.2 14 
4A Triangles; binocular vision 33 pmo 5.2 .88 1.7 10 
(N =10)* 
4B Circles, in squares; binocular 
vision; standard =1 in. 1.1 .19 2.0 79 2.0 10 
(N =8)° 


a In Experiment 4B the standard was a circle of 1 in. diameter. 


b Only 6 of the 10 Ss participated in this condition, 
e Separate Ss were employed for these conditions. 


three times that of the standard line. 
This was done so that all dimensions 
would be transposed. But this means 
that if S were to try to match the 
lines when they are absolutely equal 
in length the difference in widths would 
work against such a match. 

The procedure was, therefore, modi- 
fied so that the variable line always 
preserved the proportions of the stand- 
ard line. This was accomplished by 
presenting S with a series of variable 
lines in 1 in. steps, from 2 in. to 10 
in., in ascending or descending order. 
Cardboard strips containing the lumi- 
nous lines were inserted in a carboard 
slot fixed to the front surface of the 
variable rectangle. In this procedure 
the 3 in. line was therefore identical 
in every respect to the standard, thus 
meeting the above objection. The result, 
for the line-in-frame condition only, 
does not differ appreciably from that 
of Experiment 2. For 14 Ss the mean 
setting was 6.7 in. (SD = 1.6). 


Experiment 4A 

The foregoing experiments all em- 
ploy a line figure as the critical object. 
To explore the effect for objects which 
appear phenomenally more two-dimen- 
sional, the above procedure was em- 
ployed using triangles as the objects 
to be compared. The standard triangle 
in the small 2 X 4 in. rectangle was 
3 in. high with a 114 in. base formed 
by the bottom line of the rectangle. 
The entire area enclosed by the tri- 
angle was luminous. The variable 
triangle in the large 6 X 12 in. rec- 
tangle was similarly constructed, but 
was larger such that it could be brought 
up from the base to any desired height. 
The triangle was placed behind the 
luminous rectangle, the inside of which 
was cut away. The triangle disap- 
peared below the base of the rectangle 
as it was made smaller. Thus as it . 
was moved up or down its over-all 
shape remained constant and similar 
to that of the standard. In this re- 
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spect the procedure is similar to that 
of Experiment 3, Ten Ss were em- 
ployed in this variation. The average 
setting was 5.2 in. (SD = 88). A 
separate group of 10 Ss was required 
to match the triangles in the absence 
of the rectangles. The mean setting 
was 3.3 in. (SD = 62). 
Experiment 4B 

A similar procedure was employed 
using luminous outline circles in 
squares. The standard was a 1 in. 
diam. circle in the center of a 4 X 4 in. 
square. The variable circles appeared 
in a 12 12 in. square and were 
placed one by one in the center of 
the square in 5 steps from .5 in. to 
4 in. in diameter, in ascending or de- 
scending order. The luminous cir- 
cumference of the circles was approxi- 
mately 1% in. thick. Ten Ss partook 
in this variation. The mean setting 
was 2.0 (SD=.79). A separate 
group of 8 Ss was given the task of 
equating the circles without the squares 
present. As in the previous experi- 
ments, this task was accomplished with 
considerable accuracy and consistency, 
the mean setting being 1.1 (SD = .19). 

The results for 4A and 4B are 
somewhat lower than those for the 
line in otherwise comparable experi- 
ments. A possible explanation for 
this difference is that the triangles and 
circles are two-dimensional figures 
which, therefore, differ considerably in 
area when their linear dimensions dif- 
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FIGURE 5. 
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fer to even a slight extent. When, for 
example, the heights of the two tri- 
angles are in the ratio of 2:1, their 
areas are in the ratio of 4:1. Figure 5 
illustrates this relationship. The areal 
change occurs for the line figures too 
but seems not to exert a psychological 
effect—phenomenally they appear as 
more or less one-dimensional. 

The question arises whether the ob- 
server perceived the two rectangles to 
be equidistant from himself. If for 
any reason the small rectangle was 
seen as farther away—if for example 
it was seen as three times as far as 
the large rectangle—we would expect 
it to appear to be about the same size 
as the large one on the basis of the 
traditional explanation of size con- 
stancy, namely, taking distance into 
account. This is the case because a 
rectangle equal in size to the large one, 
but three times as far, would also yield 
an image 1⁄ the size of the near one. 
In that event the results we obtained 
would not be very surprising. If the 
smaller rectangle were seen as equal 
in size to the large rectangle then 
naturally an observer would regard 
the inner forms as equal when they 
were both proportional in length to 
their corresponding rectangles. It was 
for this reason that we required S to 
view the rectangles binocularly in the 
majority of the experiments, thus hop- 
ing to ensure fairly accurate distance 
perception. (In Experiments 1B and 
1C and other experiments we also ob- 
tained measurements under conditions 
of monocular vision through an arti- 
ficial pupil, thereby eliminating all 
physiological cues to distance. Since 
the results were not too different from 
those for binocular vision they will not 
be discussed further.) 

But it might be argued that notwith- 
standing the use of binocular vision, 
which ordinarily would allow fairly 
accurate distance perception, there was 
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a factor operating which might create 
the impression that the small rectangle 
was farther away, namely what has 
been called the relative size cue to 
distance. Two objects of similar shapes 
but of different sizes may create the 
impression of two equal sized objects 
at different distances. This happens 
in the case of the images of objects 
in a perspective scene and has a strong 
effect in drawings and photographs. 
It is possible that this cue outweighed 
the binocular cues. In order to rule 
out such an explanation the following 
two experiments were performed. 
Experiment 5A 

The rationale for the first experi- 
ment is as follows. If it were true that 
in the previous experiments the small 
rectangle looked farther away, and 
hence as large as or almost as large 
as the big rectangle, then when the 
rectangles themselves are compared 
this fact should be revealed. Ss should 
equate the two rectangles in size when 
in actual fact they are quite unequal. 
In fact they should consider them as 
equal at or close to the starting size. 
It is important to be clear that the 
objection is not merely that the small 
rectangle appears to be farther away 
but that if appears to be about equal in 
sise to the large one because it appears 
farther away. 

The most obvious way of testing 
this deduction is to require the S to 
equate the sizes of the rectangles, 
varying the size of one until he con- 
siders them equal. We performed such 
an experiment and found that the Ss 
were able to make quite accurate 
matches, thus suggesting that the rec- 
tangles did not at all appear equal or 
even nearly equal at the outset. There 
is, however, a flaw in this design. 
Suppose at the outset the smaller 
rectangle appears to be only about 
twice as far as the larger one. It will 


Procedure. After first comparing the two 
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descending condition and reduced in size 
For the ascending condition it was first set 
as smaller than the standard (1 x 2 in.) and 
increased in size. For half the Ss the 
ascending condition was given first and for 
the other half the order was reversed. Be- 
fore the second condition S$ was given an 
additional view of both rectangles. If there 
is any tendency at all to see the rectangle 
which is smaller as farther away, and, there- 
fore, closer in size to the other rectangle the 
average setting of the variable should be 
considerably smaller than the standard in 
the ascending condition and considerably 
larger in the descending condition. 


Results. The results shown in Table 
2 were quite clear. The Ss were able 
to equate the two rectangles with con- 
siderable accuracy. With the standard 
measuring 4 in. in height for the de- 
scending condition, the variable was 
set on the average at a height of 5.1; 
with the standard measuring 6 in., for 
the ascending condition, the variable 
was set on the average at 6.5 in. In 
both cases there was a slight tendency 
toward overestimating. The ascend- 
ing average was in the direction op- 
posite to that predicted by the hypoth- 
esis being tested. Thus it must be 
concluded that in the earlier experi- 
ments either the smaller rectangle did 
not appear to be appreciably farther 
away, or if it did, its apparent distance 
did not affect its size to any substantial 
extent. 


Experiment 5B 


As a matter of fact, in a further 
experiment it was possible to test di- 
rectly the question of a distance effect. 
Again the observer was confronted at 
the outset with the two different sized 
rectangles as in Experiments 1-4, each 
at 5 ft. The larger one was now set 
on a track and the observer was re- 
quired to indicate when it appeared 
equidistant with the smaller one (here 
using binocular vision). As in Ex- 
periment 5A S was not allowed to 
view the two rectangles together once 
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TABLE 2 


MEAN SETTINGS OF HEIGHT OF RECTANGLES 
IN EXPERIMENT 5A 


Total Total Ascending | Descending 
Ascending | Descending | of Ss given | of Ss given 
(6 in. in, ascending | descending 
Standard) | Standard) first first 
M 65 5.1 6.6 4.4 
SD 36 -63 82 40 4 
N 10 10 5 Cane) 


he began making his match. Two 
matches were made by each $ but they 
were both of necessity descending 
trials, ie. the large rectangle was 
moved away from S in both cases. 
The average setting was at 5.6 ft. for 
7 Ss excluding one who saw no dif- 
ference and two who saw the larger 
rectangle as farther away. On the 
average, then, the larger rectangle ap- 
peared only slightly nearer than the 
smaller one.? 

Returning to the main findings, an 
important question arises at this point. 
The results show that to a very con- 
siderable extent size is determined 
relationally. Yet the average setting 
of the variable stimulus falls short of 
the value required for complete pro- 
portionality. What factor (or factors) 
opposes relational determination? 

It is always possible to argue that 
we did not achieve complete darkness 
and that, therefore, to some extent a 
common frame of reference was pres- 
ent. If true it would be expected to 
Oppose a proportionality outcome as 
noted earlier. We did perform an 
experiment similar to those reported 
above using lines, but with the room 
lights on. The ratio than dropped to 


The absence of a marked effect of the 
relative-size cue in this experiment is prob- 
ably due to the fact that the two rectangles 
are 180° apart with respect to the S. 
Ordinarily when this cue is effective the 
objects are more or less adjacent to one 
another. 
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1.3:1, so there is no question that a 
common frame would have a deleteri- 
ous effect. But the fact is that great 
pains were taken to ensure total dark- 
ness in these experiments and a careful 
inspection by two observers failed to 
reveal any visible objects other than 
the luminous objects proper. 

More probably, relational determina- 


«tion is not complete here because the 


size of the inner objects relative to 
one another is at least to some extent 
still perceptible in spite of their being 
surrounded by their respective rec- 
tangles and separated from one another 
spatially. The results of the figures- 
alone matches show clearly that in the 
absence of the rectangle the figures can 
be equated to one another with con- 
siderable accuracy. This being the 
case; the magnitude of the departure 
from objective equality with the rec- 
tangles present must be considered as 
an impressive example of what Duncker 
(1929) has described as separation of 
system, albeit a separation which is 
not complete. A relational match also 
implies that S must ignore the logical 
contradiction that objects proportional 
to rectangles which themselves are 
perceived as quite unequal cannot be 
equal to one another. 

If it is correct that the size of the 
inner objects relative to one another 
is to some extent still perceptible, it 
would follow that for transposition 
ratios greater than 3:1 there would 
be a falling off of the relational effect. 
As transposition ratios are increased, 
the relative sizes of the enclosed lines 
must diverge more and more from 
absolute equality in order to yield re- 
lational matches. For example a 5:1 
ratio would require one object to be 
set to a size five times the size of 
the other. Although a strong tendency 
in this direction might exist it would 
be opposed by the very great absolute 
size difference required. Conversely it 


395 
TABLE 3 
Transposition Ratio 
at | sit | Sit | 8:1 
N 10 1 |10 fio 
M 6.4 | 6.7 | 6.6 | 6.2 
SD f 30 16 | 1.0 1.0 
Standard | 4 jh oar, 1.8 
Ratio | Ló | „22 oe TSA 
% Complete | 80% | 73% | 44% |42.5% 


follows that for a ratio less than 3:1 
the relational effect would increase be- 
cause the observer would only have 
to tolerate a smaller absolute difference. 


Experiment 6A, B, and C 


The procedure of Experiment 3 was 
followed in all respects except for the 
difference in the sizes of the two rec- 
tangles. In Experiment 6A the smaller 
rectangle was 3 X 6 in. and the larger 
one was 6 X 12 in., thus yielding a 
ratio of 2:1. In Experiment 6B the 
smaller rectangle was 2 X 4 in. and the 
larger one was 10 X 20 in., thus yield- 
ing a ratio of 5:1. In Experiment 6C 
the smaller rectangle was 1.2 x2.4 in. 
and the larger one was 9.6 X 19.2 in., 
thus yielding a ratio of 8:1. 

The results together with those of 
Experiments 3 for the 3:1 ratio are 
shown in Table 3. 

The results show that as the trans- 
position of dimensions increases, the 
ratio of the variable setting to the size 
of the standard increases. For the 8:1 
transposition the variable line is set on 
the average at 3.4 times the size of 
the standard. This is a very impres- 
sive relational effect. Nevertheless it 
is true that in comparison with what 
would be complete transposition there 
is a falling off of the effect.* Hence 


41n the transposition of velocity, Brown 
(1931) found a less than complete effect for 
fields transposed in the ratio of 2:1 and a 
falling off of the effect with fields trans- 
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descending condition and reduced in size 
For the ascending condition it was first set 
as smaller than the standard (1 x 2 in.) and 
increased in size. For half the Ss the 
ascending condition was given first and for 
the other half the order was reversed. Be- 
fore the second condition S was given an 
additional view of both rectangles. If there 
is any tendency at all to see the rectangle 
which is smaller as farther away, and, there- 
fore, closer in size to the other rectangle the 
average setting of the variable should be 
considerably smaller than the standard in 
the ascending condition and considerably 
larger in the descending condition. 


Results. The results shown in Table 
2 were quite clear. The Ss were able 
to equate the two rectangles with con- 
siderable accuracy. With the standard 
measuring 4 in. in height for the de- 
scending condition, the variable was 
set on the average at a height of 5.1; 
with the standard measuring 6 in., for 
the ascending condition, the variable 
was set on the average at 6.5 in. In 
both cases there was a slight tendency 
toward overestimating. The ascend- 
ing average was in the direction op- 
posite to that predicted by the hypoth- 
esis being tested. Thus it must be 
concluded that in the earlier experi- 
ments either the smaller rectangle did 
not appear to be appreciably farther 
away, or if it did, its apparent distance 
did not affect its size to any substantial 
extent. 


Experiment 5B 


As a matter of fact, in a further 
experiment it was possible to test di- 
rectly the question of a distance effect. 
Again the observer was confronted at 
the outset with the two different sized 
rectangles as in Experiments 1-4, each 
at 5 ft. The larger one was now set 
on a track and the observer was re- 
quired to indicate when it appeared 
equidistant with the smaller one (here 
using binocular vision). As in Ex- 
periment 5A S was not allowed to 
view the two rectangles together once 


TABLE 2 


MEAN SETTINGS OF HEIGHT OF RECTANGLES 
IN EXPERIMENT 5A 


Total Total Ascending | Descending 
Ascending | Descending | of Ss given | of Ss given 
(6 in. n. ascending | descending 
Standard) | Standard) first first 
M65 5.1 6.6 4.4 
SD 36 63 82 AO 
N 10 10 5 5 $ 


he began making his match. Two 
matches were made by each S but they 
were both of necessity descending 
trials, i.e. the large rectangle was 
moved away from S in both cases. 
The average setting was at 5.6 ft. for 
7 Ss excluding one who saw no dif- 
ference and two who saw the larger 
rectangle as farther away. On the 
average, then, the larger rectangle ap- 
peared only slightly nearer than the 
smaller one.? 

Returning to the main findings, an 
important question arises at this point. 
The results show that to a very con- 
siderable extent size is determined 
relationally. Yet the average setting 
of the variable stimulus falls short of 
the value required for complete pro- 
portionality. What factor (or factors) 
opposes relational determination? 

It is always possible to argue that 
we did not achieve complete darkness 
and that, therefore, to some extent a 
common frame of reference was pres- 
ent. If true it would be expected to 
Oppose a proportionality outcome as 
noted earlier. We did perform an 
experiment similar to those reported 
above using lines, but with the room 
lights on. The ratio than dropped to 


®The absence of a marked effect of the 
relative-size cue in this experiment is prob- 
ably due to the fact that the two rectangles 
are 180° apart with respect to the S. 
Ordinarily when this cue is effective the 
objects are more or less adjacent to one 
another. 
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1.3:1, so there is no question that a 
common frame would have a deleteri- 
ous effect. But the fact is that great 
pains were taken to ensure total dark- 
ness in these experiments and a careful 
inspection by two observers failed to 
reveal any visible objects other than 
the luminous objects proper. 

More probably, relational determina- 


“‘tion is not complete here because the 


size of the inner objects relative to 
one another is at least to some extent 
still perceptible in spite of their being 
surrounded by their respective rec- 
tangles and separated from one another 
spatially. The results of the figures- 
alone matches show clearly that in the 
absence of the rectangle the figures can 
be equated to one another with con- 
siderable accuracy. This being the 
case; the magnitude of the departure 
from objective equality with the rec- 
tangles present must be considered as 
an impressive example of what Duncker 
(1929) has described as separation of 
system, albeit a separation which is 
not complete. A relational match also 
implies that S must ignore the logical 
contradiction that objects proportional 
to rectangles which themselves are 
perceived as quite unequal cannot be 
equal to one another. 

If it is correct that the size of the 
inner objects relative to one another 
is to some extent still perceptible, it 
would follow that for transposition 
ratios greater than 3:1 there would 
be a falling off of the relational effect. 
As transposition ratios are increased, 
the relative sizes of the enclosed lines 
must diverge more and more from 
absolute equality in order to yield re- 
lational matches. For example a 5:1 
ratio would require one object to be 
set to a size five times the size of 
the other. Although a strong tendency 
in this direction might exist it would 
be opposed by the very great absolute 
size difference required. Conversely it 


TABLE 3 


Transposition Ratio 


| z1 | sa | sa | si 
N 10 14 |10 {10 
M 64 | 67 | 66 02 
SD i’ | 1:61" LO- EO 
Standard SN Sees 1.8 
Ratio 1.6 | 22 ar SA 
% Complete | 80% | 73% | 44% |42.5% 

t 


follows that for a ratio less than 3:1 
the relational effect would increase be- 
cause the observer would only have 
to tolerate a smaller absolute difference. 


Experiment 6A, B, and C 


The procedure of Experiment 3 was 
followed in all respects except for the 
difference in the sizes of the two rec- 
tangles. In Experiment 6A the smaller 
rectangle was 3 X 6 in. and the larger 
one was 6 X 12 in., thus yielding a 
ratio of 2:1. In Experiment 6B the 
smaller rectangle was 2 X 4 in. and the 
larger one was 10 x 20 in., thus yield- 
ing a ratio of 5:1. In Experiment 6C 
the smaller rectangle was 1.2 X24 in. 
and the larger one was 9.6 X 19.2 in., 
thus yielding a ratio of 8: 1. 

The results together with those of 
Experiments 3 for the 3:1 ratio are 
shown in Table 3. 

The results show that as the trans- 
position of dimensions increases, the 
ratio of the variable setting to the size 
of the standard increases. For the 8:1 
transposition the variable line is set on 
the average at 3.4 times the size of 
the standard. This is a very impres- 
sive relational effect. Nevertheless it 
is true that in comparison with what 
would be complete transposition there 
is a falling off of the effect.* Hence 


4In the transposition of velocity, Brown 
(1931) found a less than complete effect for 
fields transposed in the ratio of 2:1 and a 
falling off of the effect with fields trans- 
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of line matched to the 3 in. standard. 


these results support the view that it is 
the impression of the size of the inner 
objects relative to one another which 
opposes the relational effect.* Separa- 
tion of system is not complete. 

There were, however, large individ- 
ual differences. For example in Ex- 
periments 1A, B, C, 2, and 3 close 
to half the sample tested gave complete 
or nearly complete proportional matches 
and others gave matches closer to ob- 
jective equality. Figure 6 shows the 
distribution of matches for all S$ com- 
bined in these five experiments. These 


posed in greater ratios. However in ab- 
solute terms the transposition of velocity is 
more nearly complete than is the trans- 
position of size. 

There are several possible ways of ex- 
plaining the superiority of transposition of 
velocity. Duncker’s (1929) work leads to 
the conclusion that movement is itself re- 
lationally determined and movement is the 
quality of which speed (rate of movement) 
is the quantitative aspect. But extensity— 
of which size is the quantitative aspect—is 
not relationally determined. Furthermore 
the perceived discrepancy in the sise of the 
two rectangles is bound to be more dis- 
turbing to the relational determination of 
the size of figures than to the speed of 
figures—i.e,, size can be compared with 
size more directly than with speed. Finally 
it might be easier to compare the sizes 
of figures without rectangles present than 
the speed of objects, and this being the case 
the absolute comparison might also obtrude 
itself more in the case of size than of speed. 

5 The poorer results with the two-dimen- 
sional figures also support this view be- 
cause the absolute size-differences were 
more obtrusive. 


- cited above. 
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differences no doubt reflect the way in 
which Ss resolved the conflict between 
the relational effect and the impression 
of the size of the inner objects to one 
another. Individual consistency was, 
however, very high. The correlation 
between ascending and descending 
trials for the Ss in these five experi- 
ments was .93. 


One of the major implications of the 
relational basis of achromatic color 
and speed perception is that it offers 
an explanation of achromatic color and. 
speed constancy (Wallach: 1939, 
1948). When in daily life the illumi- 
nation changes it almost always affects 
all neighboring regions equally. Since 
the ratio of reflectances is not changed 
thereby, there is no reason to expect 
the experienced color to change if it 
is true that achromatic color depends 
upon the ratio of reflectances. Simi- 
larly when a moving object is viewed 
at varying distances its rate of dis- 
placement relative to some frame of 
reference (a car passing along a road 
in front of a row of trees for example) 
does not change. If phenomenal speed 
depends on rate of relative displace- 
ment as Brown has shown—and a 
change in distance only brings about 
a transposition on the retina of all the 
dimensions of the scene—there is no 
reason to expect any change to occur 
with variations in distance. 

Now that we have been able to dem- 
onstrate a rather strong relational 
determination of phenomenal size it is 
plausible, therefore, to inquire whether 
this can account for size constancy. 
When we see an object next to some 
other object of a different size, one 
which we might say serves as a frame 


® Females showed a slight tendency toward 
higher settings than males, namely 6.8 in. 
vs. 6.4 in. in the same five experiments 
The difference, however, falls 
short of significance. 
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of reference, the ratio of the two sizes 
to one another and, therefore, of their 
respective image sizes would remain 
constant with changes of distance. To 
the extent that phenomenal size is de- 
pendent not upon the absolute size of 
the image but on its size relative to 
another object, size constancy would 
follow as a matter of course, at least 
in many situations in daily life. 

This explanation is quite different in 
its implications from the traditional 
one that distance is somehow “taken 
into account.” The essence of this 
eXplanation as with those of Wallach 
is in the specification of certain in- 
variant properties of the stimulus which 
can be correlated with the perceptual 
experience in question (size, color, 
speed) even when the vitiating factor 
(change of distance, change of illumin- 
ation) operates. Thus it would no 
longer be correct to say that the per- 
ceptual experience in the case of a 
given constancy is not in perfect cor- 
respondence with the stimulus. It is 
only not in correspondence with that 
aspect of the stimulus which previously 
was thought to be the relevant one 
(size of the image, intensity of the 
image of the object alone, absolute rate 
of retinal displacement). 

Another implication of the relational 
explanation is that it would seem to 
make the assumption of learning gra- 
tuitous. If we can point to an attribute 
or dimension of the stimulus which 
always corresponds with a given ex- 
perience then it is no more necessary 
to argue that these constancies are 
learned than it is to argue that the 
dependency of hue on wave length is 
learned. The constancies discussed 
above follow as a matter of course 
from the very stimulus conditions which 
have been discovered to underlie the 
experienced attributes in question (size, 
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achromatic color, speed.” A further 
implication of this type of explanation 
is that the constancies are truly sensory 
in character and are not merely intel- 
lectual elaborations of underlying sen- 
sations. 

It is perhaps worth noting in pass- 
ing that these solutions are compatible 
not only with Gestalt theory but also 
with other points of view such as that 
of Gibson (1950). Since they repre- 
sent instances where relational stimula- 
tion underlies perceptual experience it 
is implied that the neural correlate in- 
volves central interaction processes. 
However one may merely prefer to 
say, as would Gibson, that these are 
precisely the kind of higher order 
stimulus attributes we should expect 
to find as the correlates of particular 
perceptual experiences. 

But there are a number of considera- 
tions which suggest that in the case 
of size constancy the relational ex- 
planation is not sufficient. Unlike the 
case of achromatic color—where the 
determination by ratio is all but perfect 
—and the case of speed—where the 
transposition effect is sufficiently large 
to account for speed constancy—the 
transposition effect for size is far from 
complete as noted above. Yet size 
constancy is more or less perfect within 
a considerable range of distances. Cer- 
tainly in many situations in daily life 
involving objects at distances from the 
observer in the ratio of say, 3:1, size 
constancy is complete. (At these dis- 
tances the images of the two patterns 
would be transposed in the ratio of 
3:1 and for this ratio the relational 
effect is not complete.) At least we 
can say that in experiments in which 
the observer is to equate sizes of ob- 


7 Nevertheless, in spite of this reasoning 
it is still possible that the judgment of 
size on the basis of stimulus relationships 
such as we have shown to exist may in 
point of fact be the result of learning. 


398 


jects at these relative distances, the 
results will show approximately perfect 
constancy unless very great absolute 
distances are involved. It may be 
argued, however, that in this situation 
the observer is oriented to give the 
“correct” answer more than he is to 
give a careful phenomenological des- 
cription of what he sees. Hence to 
some extent he may perceive the dis- 
tant object as at least somewhat smaller 
than the near one but judge it as equal 
—and to that extent Helmholtz would 
be correct. This same objective at- 
titude of the observer would in our 
situation, however, operate to reduce 
the relational effect. 

There is no doubt some truth in this 
reasoning, but its importance should 
not be exaggerated, because when one 
encourages the observer to try to match 
in terms of visual impression instead 
of judgment of true size, the results 
are not very much different (except 
perhaps at great distances where there 
does appear to be a falling off of 
constancy). A more probable ex- 
planation of the fact that constancy is 
better than could be predicted on the 
basis of our results is that relational 
determination is not the only factor 
operating. It would seem necessary 
to admit the truth of the traditional 
explanation as at least one of the 
factors at work in size constancy for 
the following reason. In a completely 
dark room phenomenal size is not de- 
termined exclusively by visual angle 


8 This attitude of the observer explains 
the apparently enigmatical fact, reported 
with increasing frequency during the last 
decade, of overconstancy, particularly at 
great distances. It is quite clear from the 
standpoint of phenomenological description 
that the very distant object looks tiny, but 
the experimental finding is in the opposite 
direction. This is what we would predict 
if the observer were judging, and in doing 
so, compensating for what he thinks the 
effect of distance is on apparent size. 
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relations even under conditions where 
an explanation in terms of a relational 
effect would be ruled out. A luminous 
object will not appear the size that 
its visual angle would demand when it 
is viewed at varying distances, e.g., it 
will not appear half as small at twice 
the distance. In short, distance is 
taken into account with the result that 
there is a tendency in the direction of 
constancy, and as the degree of con- 
stancy increases distance perception is 
better.® 

Thus it seems possible that under 
ordinary circumstances both the rela- 
tional factor and the taking into ae 
count of distance operate together to 
yield perfect or nearly perfect con- 
stancy. In the following experiment 
an attempt was made to examine this 
possibility. 


Experiment 7A 


Procedure. In Part I, S was to match a 
variable luminous line, at 2 ft. with a stand- 
ard 3 in. line at 10 ft. in a darkened room, 
the two being separated by an angle of 
90°. The two lines were here of equal 
width (.1 in.). Hence the method of Ex- 
periments 1: and 2 was used in which the 
length of the variable line was continuously 
changed. S was only allowed to use one 
eye on the assumption that this would con- 
siderably reduce the accuracy of distance 
perception but would not completely elimi- 
nate all cues to distance (an artificial pupil 
was not employed). Hence it was expected 
that the match would not be based exclu- 
sively on equality of visual angle but in- 


9 Recently a few psychologists have voiced 
their skepticism of this principle because of 
the fact that phenomenal size does not 
correlate with phenomenal distance in ex- 
periments where the observer is required 
to judge both (eg. Gruber, 1954). But 
this conclusion is based on a premise which 
may be faulty. It is more likely “registered 
distance” as given by various cues, not 
“phenomenal distance,” that enters into the 
interaction. That is, it is not essential for 
the distance cues to be translatable into a 
corresponding awareness of distance in order 
for them to interact with image size in 
yielding size constancy. 
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FAR NEAR 
PART | 


A 


FAR 
PART 2 NEAR 


Fic. 7. The retinal situation based on 
ħe average matches in Parts I and II of 
Experiment 7A, 


stead would show some tendency in the 
direction of constancy. 

In Part II, the same task was repeated 
except now each line was .5 in. wide and 
was surrounded by a luminous rectangle 
6X 12 in. 


Results. In Part I, the average 
setting for 16 Ss was 1.2 in. (SD 
= .34). A match based exclusively on 
visual angle would have required a 
line .6 in. in length (3 in./5 since the 
near line is at 14 the distance) whereas 
perfect constancy would have required 
a line 3 in. in length. Thus there is 
some slight tendency in the direction 
of constancy. 

In Part II, the average setting was 
2.7 in. (SD =.75) which means that 
here constancy was virtually complete. 
Since the only change was the addition 
of the surrounding rectangles (which 
of course as images were transposed 
in the ratio of 5:1) this increase is 
to be attributed to the relational effect 
(see Fig. 7). In this particular situa- 
tion, therefore, involving only rather 
poor cues to distance, relational de- 
termination makes a much greater con- 
tribution to constancy than does the 
taking into account of distance. But 
the main point of this experiment is 
that we have shown that the relational 
factor does influence constancy and 


I 
FAR 


A 


FAR » -pART 2 


Fic. 8. The rentinal situation based on 
the average matches in Parts I and II of 
Experiment 7B. 


NEAR 
PART | 


NEAR 


that when the two factors cooperate, 
constancy approaches completeness. 
Experiment 7B 

It is , of course, possible that the 
relational factor may interact with the 
distance factor in a negative sense, i.e., 
by yielding a nonveridical, illusory out- 
come. This might occur wherever the 
two frames of reference are objectively 
unequal in size. We were able to dem- 
onstrate this effect in an experiment 
where the lines alone at distances 
from the S in the ratio of 5:1 were 
first matched in the dark with binoc- 
ular vision. This yielded perfect con- 
stancy on the average for 10 Ss. When, 
however, the distant line was sur- 
rounded by a rectangle 5 times as 
large as the near rectangle (thus yield- 
ing equal sized images of the two 
rectangles), it brought the average 
length of its line up to 2.7 times the 
length of the near line (see Fig. 8). 

Another problem to be considered, 
bearing on the applicability of our 
findings to size constancy, is the mag- 
nitude of the relational effect for trans- 
position ratios other than relent 
the basis of the results reported above 
we would have to predict a falling off 
of size constancy as the ratio of dis- 
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tances between the objects compared 
increases — since this increases the 
ratio of the image patterns. 

It is tempting to relate these findings 
to the well-known fact that size con- 
stancy does fall off at great distances. 
But one can easily increase the distance 
ratio between objects from, say, 2:1 
to 8:1 without placing the far object 
at a very great distance and under 
these circumstances constancy will not 
decline appreciably. Furthermore one 
can create very much higher distance- 
ratios by placing the near object very 
close rather than the far object very 
far, and we have been unable to show 
a falling off of constancy in such a 
situation. In fact Jenkins (1957) re- 
cently performed such an experiment 
and obtained the opposite effect. How- 
ever it is difficult even to demonstrate 
the falling off of constancy at great 
distances because the observer is gov- 
erned by an objective attitude and not 
a phenomenological one in the con- 
stancy situation. This problem there- 
fore remains open, but at the moment 
the facts concerning increased distance 
ratios do not support the relational 
interpretation. Perhaps the possibility 
of taking distance into account serves 
to offset the predicted decline in con- 
stancy based on the relational factor. 

There are two other difficulties for 
the relational explanation of size con- 
stancy. One is the fact that the re- 
lational effect is smaller for figures 
which appear two dimensional than for 
the phenomenally more or less one 
dimensional line figures. Yet most 
objects in daily life present us with a 
two dimensional surface. 

The second is that the objects we 
view are not necessarily always seen 
in front of or adjacent to a large ob- 
ject which can serve as a frame of 
reference, And even when they are, 
there remains the question of the con- 
stancy of size of the frame of reference 
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itself. By frame of reference we only 
mean to refer to that object with re- 
spect to which the relative size of a 
second object can be gauged. How- 
ever Duncker (1929) has shown in 
the case of movement that not all ob- 
jects serve equally well as frames of 
reference, the larger, surrounding ob- 
ject generally fulfilling the function of 
that with respect to which. movement 
is perceived to occur. Furthermore 
only for surrounded objects could one 
expect to have a strong tendency 
toward separation of system. We 
were, in fact, able to show in an ex- 
periment that when the inner objects 
were transposed in a given ratio their 
effect on the size of the outer rec- 
tangles was nil. This being the case 
the relational effect does not contri- 
bute very much to an explanation of 
the constancy of objects which play 
this role in any particular situation. 


SUMMARY 


By way of summary, we have shown 
that to a very considerable extent 
phenomenal size is relationally deter- 
mined. The effect is greater for line 
figures than for those which appear 
as two dimensional. As the transposi- 
tion of dimensions increases the ratio 
of the size of the variable to that of the 
standard increases, but, nevertheless, 
there is a falling off of the effect from 
the standpoint of complete relational @ 
determination.. 

We have shown that the relational 
effect is not an artifact based on a 
tendency to see the smaller frame of 
reference as farther away and, hence, 
as equal in size to the nearer one. 

It would seem that the fact that the 
effect is not complete is due to the 
tendency of the observer: to be in- 
fluenced by the absolute sizes of the 
enclosed figures with respect to one 
another, at least to some extent. 


We have considered the possibility 
that the relational determination of 
perceived size explains size constancy. 
Since, however, size constancy is often 
perfect but the transposition effect is 
not complete we have argued that size 
constancy must also be based on the 
taking into account of distance. In 
two € ‘experiments we were able to dem- 
onstrate that the relational effect and 
- the taking into account of distance can 
both play a role in the perception of 
_ size at varying distances. 
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